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SYNTHETIC RUBBER 

By E. R. GILLILAND 


By occupying the Malay Peninsula and 
the islands of the southwest Pacific Ocean, 
the Japanese precipitated a serious problem 
for this country because most of its rubber 
has come from that region. Directly or in- 
directly, rubber vitally affects nearly every 
aspect of our lives. To have the source *of 
its supply suddenly cut oflf was almost dis- 
astrous. 

It was very fortunate that an extended 
research and development program on mak- 
ing rubber or a material having similar 
physical and chemical properties had been 
carried on by scientists of various educa- 
tional and commercial institutions. The de- 
velopment of new rubber plantations re- 
quires several years even when suitable trop- 
ical areas are available. The tropical areas 
of Central and South America are not well 
adapted to the development of such planta- 
tions because of certain plant diseases that, 
in those areas, attack the present type of 
rubber trees. It is probable that trees resis- 
tant to those diseases can be developed, but 
such a program would require a long experi- 
mental period. 

I 

English and German chemists were the 
first to attempt to make rubber — ^true rubber, 
not some other substance having similar 
properties. In order to make a chemical 
compound the first step normally is to find 
the chemical elements — oxygen, hydrogen, 
carbon, etc. — of which it is composed. But 
this is not enough. It is necessary also to 
find how the elements are joined together. 
There are common examples of chemical com- 
pounds that are composed of precisely equal 


numbers of the same atoms, but which differ 
greatly in their properties. 

The English and German chemists who 
were working on natural rubber easily found 
its constituent elements and concluded that 
those elements were joined together into a 
chemical compound called ‘‘isoprene,” or 
groups of isoprene molecules linked together. 
At least, by suitable chemical treatment, nat- 
ural rubber can be broken down to isoprene 
or to chains of isoprene molecules. It is 
likely, if not certain, that rubber owes its re- 
markable properties to long chain's of mole- 
cules formed by the joining of isoprene or 
similar units. When a molecule joins with 
similar molecules to form a chain, the proc- 
ess is called polymerization. This type of 
reaction has become of primary importance, 
not only in the production of rubber but also 
throughout the petroleum and plastic indus- 
tries and elsewhere in industrial chemistry. 

A large amount of experimental work was 
carried out on the polymerization of iso- 
prene. None of these experiments resulted 
in polymers having properties the same as 
those of natural rubber. This is not sur- 
prising when one considers the large num- 
ber of ways in which isoprene can combine 
with itself. In fact, there are natural sub- 
stances which can be considered polymers of 
isoprene just as much as rubber is, but which 
have considerably different characteristics; 
gutta-percha is one example. 

This experimental work on the polymeri- 
zation of isoprene was carried out in a period 
when the cost of rubber was high and before 
plantation rubber had really been developed. 
With the lowering of the cost of rubber, the 
incentive to develop such materials became 
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less. Another deteiTeiit has btHMi the diffi- 
enit problem of obtaining isoprene oL* liigh 
purity. Isoprene ean be pi'oduced by high 
temperature cracking of turpentine and, in 
very low yields, by high temperature crack- 
ing of petroleum compounds, but botli proc- 
esses give products that recpiire further puri- 
fication — a rather difficult ])roblem. 

Following this period, the emphasis has 
shifted almost completely from attempts to 
produce true rubber by synthetic processes 
to attempts to produce materials that have 
properties similar to those of natural rub- 
ber and which ctiu be produced from easily 
obtainable raw materials. These rubber-like 
materials have inherited the appellation 
‘‘synthetic rubber/^ and this term has be- 
come a generic name for the whole group. 

In the “crude’’ state a good rubber-like 
material can be easily worked, molded and 
shaped, and then can be changed chemically 
into a strong, elastic material that will resist 
deformation. As a result of intensive studies, 
chemists concluded that those organic mate- 
rials having elastic properties are composed 
of very long, thin molecules. The ratio of 
length to diameter of a fully extcuided mole- 
cule may be as great as several thousand to 
one. Such molecules in the unvidcanized, or 
uncured, form of rubber are presumably 
greatly contracted in length and interwoven 
with one another. Wlnui a mass of such ma- 
terial is molded or shaped by being subjected 
to pressure or stretching, its individual mole- 
cules are actually displaced relative to one 
another. If then, by chemical processes, these 
long chain molecules can be tied together, 
further displacement relative to one another 
becomes much more difficult and the mate- 
rial acquires the property of resisting forces 
that otherwise would cause permanent de- 
formation. However, owing to the con- 
tracted condition of the molecules, the ma- 
terial can still be extended. In this process 
the molecules are simply pulled out somewhat 
like a spring without causing their rear- 
rangement. 

In natural rubber the vulcanizing, or knit- 
ting together, of the rubber structure is gen- 
erally carried out by the addition of sulfur, 
although in special cases oxygen is used. 
The mechanism of this process is not defi- 
nitely known, but it is believed that the 


cliemically uusalurated rubber molecules 
combine with other molecules or atoms, such 
as sulfur, and form some type of bridge or 
connection between adjacent rubber mole- 
enles. 

The chemists, tiiercfore, directed their 
studies to the jirodindioii of long cliaiu mole- 
cules that have this unsaturatiou charactei*- 
istic and that can be locketl together by vul- 
canization or an ecjuivalent process. In gen- 
eral, chemical substances that are readily 
available or that t-an be ])re])ared easily, eco- 
nomically, and in high purity are low in 
molecular weight, but only those capable of 
combining to form long chains are nsefnl for 
the production of rubber-like substances. 

The class of com])()Uiuls that most nearly 
fits these two requirements of combining to 
form long chains and of having residual 
chemical properties suitable for vulcaniza- 
tion are the diolefius. Olefin is a generic 
name for certain compounds of hydrogen 
and carbon that, because they arc unsatii- 
rated, combine more or less easily with other 
materials. A diolefin has two groups having 
the olefin characteristic in the same molecule. 
One of these unsaturated groups can be em- 
})loyed to combine wdth other molecules to 
form th(^ long chains, leaving the other un- 
sat urateil group for use in the cross-locking 
of mol(HUiles in the vulcanization step. The 
diolefin group comprises a large nutnlxT of 
chemical compounds, but only a relatively 
few of them can be pre])are(l easily and eco- 
nomically on a large scale. Isoprene is a 
member of the diolefin class which contains 
five carbon atoms to a molecule, but, as has 
been pointed ont, this particular compound 
is somewhat difficult to prepare. Of all the 
diolefins, butadiene is perhaps the easiest to 
prepare, and for that reason has become the 
basic raw material of most of the current 
synthetic rubber production. It has four 
carbon atoms and six hydrogen atoms to 
the molecule. Another diolefin that is em- 
ployed in the present Government program 
IS chloroprene, a chlorinated butadiene. Di- 
methyl butadiene was employed by the Ger- 
mans during World War I to prepare the 
so-called methyl rubber. 

Butadiene can be polymerized in a number 
of ways, but for most uses it has been found 
advantageous to eopolymerize it with other 



SYNTHETIC' RUBBER 


7 


org’aiiie niolecules, siicli as styrene, aerylo- 
mtrile and the various acrylates. These ma- 
terials can be made to react vnth butadiene 
during the pol.ymerization, or chain forming, 
process. In other v^ords, the long chain 
molecule is composed of a mixture of the two 
types of molecules, probably somewhat ir- 
regularly spaced. The addition of these ma- 
terials gives an improved synthetic rubber 
often possessing very desirable special prop- 
erties. 

II 

The United States Government program 
includes the production of three types of 
synthetic rubber — ^Buna-S, Butyl, and Neo- 
prene. For this program the products have 
been named GR-S, GR-T, and GR-M, respec- 
tively. 

The annual rated capacities in long tons 
(2,240 pounds) of the rubber plants con- 
structed and under construction in the 
United States and Canada are as follows: 

GR-S 735,000 

GR-I 75,000 

GR-M 40,000 

In addition, the annual production of pri- 
vately owned plants will be as follows : 

Neoprene 9,000 

Buna-N 24,000 

Production of GR-S (Buna-S) 

GR-S is the main synthetic rubber of the 
United States and Canadian programs. 
Plants under construction have a rated 
capacity when complete of 735,000 long tons 
per year, which is 86 percent of the expected 
total GR-S is a copolymer of butadiene and 
styrene and was chosen because it is a gen- 
eral purpose rubber that can replace natural 
rubber m most uses. 

Preparation of Raw Materials, Butadiene, 
which constitutes the largest tonnage of raw 
material employed in the Government syn- 
thetic program, can be prepared from a large 
number of substances in a number of differ- 
ent ways. Actually, it is being made from 
each of the following four products: ethyl 
alcohol, butylene, butane, and gasoline and 
heavier petroleum products. 

The reactants concerned in the first three 
eases are treated catalvtically at relatively 
high temperatures and low pressures, and 


they give high yields of butadiene rela- 
tive to the quantity of the starting material. 
Production from gasoline and oil requires 
a high teinj^eratiire, low pressure thermal 
treatment in which the larger molecules are 
broken up wuth the production of a small 
percentage of butadiene and large quantities 
of other materials. 

In the alcohol process, grain alcohol or 
ethyl alcohol from other sources is used to 
produce a butadiene fraction of relatively 
high purity. The equipment necessary for 
concentrating this fraction to high purity 
butadiene is relatively simple. This type of 
operation is carried out in three plants de- 
signed for the Government program by the 
Carbide and Carbon Chemical Corporation. 
These plants will produce 220,000 short tons 
of butadiene per year. The first, located at 
Institute, West Virginia, and having a rated 
annual capacity of 80,000 short tons has been 
completed for several months and is oper- 
ating very successfully. The two other 
plants, located at Kobuta, Pennsylvania, and 
Louisville, Kentucky, and having rated an- 
nual capacities of 80,000 and 60,000 short 
tons, respectively, are now producing buta- 
diene. The plants at Institute and Louis- 
ville are operated for the Government hy 
the Carbide and Cax'bon Chemical Corpora- 
tion, and the plant at Kobuta is operated by 
the Koppers-United Company. 

A different type of process for producing 
butadiene from alcohol is being constructed 
by the Bigler Chemical Company, employing 
the so-called Publicker, or Szukiewicz, proc- 
ess. This alcohol process apparently is 
fairly similar to the method employed by the 
Russians for the production of essentially all 
their butadiene. 

These alcohol processes produce from two 
to two and a half pounds of butadiene per 
gallon of 95 percent alcohol. In general, 
about 2 7 gallons of such alcohol can be pro- 
duced per bushel of corn. In other words, 
one bushel of corn will produce between 5.5 
and 6.8 pounds of butadiene. Therefore, by 
this type of operation, even high quality 
farm land would produce only enough grain 
per acre, per year, to make butadiene equiva- 
lent to approximately 350 pounds of syn- 
thetic rubber, which is substantially less than 
the 450 pounds of natural rubber that can be 
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produced per acre in the tropics. If wheat is 
employed for the production of butadiene, 
the quantity that can be produced per acre is 
only about one-third that obtainable from 
com, but the percentage of the farm land of 
the United States suitable for wheat produc- 
tion is much greater than that for corn. 

The plants employing the process for pro- 
ducing butadiene from butylenes have a total 
annual rated capacity of 292,000 short tons. 
The normal butylenes employed are a by- 


product of the refinery operations, such as 
catalytic and thermal cracking. Normal 
butylene differs from butadiene only in hav- 
ing two more hydrogen atoms per molecule. 
The procedure involves the removal of these 
two extra atoms by a process called dehydro- 
genation. The operation is carried out by 
contacting butylenes with a catalyst at high 
temperature. A portion of the butylenes is 
converted to butadiene, which is then re- 
moved and purified, while the unreaeted 


TABLE 1. Plants Scheduled for the Production op Butadiene prom Butvlenes 


Operating company 

Location 

Annual capacity 

Standard Oil Go. of Louisiana 

Baton Kouge, La. 

15,000 

Humble Oil & Hefining Co. 

Baytown, Tex. 

30,000 

Shell Chemical Co. 

Torrance, Calif. 

12,000 

Neehes Butane Products Co. 

Port Heches, Tex. 

100,000 

Sinclair Eubber, Inc. 

Houston, Tex. 

50,000 

- Polymer Ltd. 

Sarnia, Canada 

30,000 

' , dues Sei^ee Befining Corp. 

Lake Charles, La. 

55,000 

292,000 
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butylenes are recycled for further conver- 
sion. Such a process produces about 2.7 
pounds of butadiene per gallon of butylene. 

The butylene dehydrogenation process, 
which will be used in seven plants scheduled 
for the United States and Canada, was devel- 
oped by the Standard Oil Company of New 
Jersey. Table 1 lists the companies that will 
operate the plants for the Government,* to- 
gether with their locations and annual rated 
capacities in short tons (2,000 pounds). 

The plants at Baton Rouge and Baytown 
are in operation, and construction of most of 
the others is nearing completion. 

The process for preparing butadiene from 
butane is somewhat similar to that employ- 
ing butylene. Butane differs from butadiene 
in containing four more atoms of hydrogen 


year by the butane process. Two plants are 
employing the so-called one-stage method, 
known as the Houdry process. Both have 
annual rated capacities of 15,000 short tons 
of butadiene. One of the plants will be 
operated by the Sun Oil Company at Toledo, 
Ohio, and the other by the Standard Oil 
Company of California at El Segundo, Cali- 
fornia. A plant employing the two-stage 
process is being operated by the Phillips 
Petroleum Company at Borger, Texas. This 
unit has an annual rated capacity of 45,000 
short tons of butadiene 

This type of operation produces about two 
pounds of butadiene per gallon of normal 
butane While the yields per gallon are 
lower than from butylene, normal butane is 
a raw material that is more available, being 


TABLE 2. Plants Scheduled for the Production of Butadiene from Petroleum 


Operating Company 

Location 

Anvual capacity 

Soutbern Calif. Gas Co.-Sliell Chemical Co. 

1 Los Angeles 
\ Torrance, Cal. 

30,000 

Standard Oil Go. of Louisiana 

Baton Rouge, La. 

6,800 

Eastern States Petroleum Co. 

Houston, Tex. 

12,800 

Humble Oil & Refining Co. 

Ingleside, Tex. 

7,000 

Lion Oil & Refining Co. 

El Dorado, Ark. 

6,700 

Taylor Oil & Refining Co. 

Corpus Christi, Tex. 

5,500 



68,800 


per molecule, and it is, therefore, necessary 
to remove twice as much hydrogen as is nec- 
essary with butylene. The actual process is 
carried out similarly by a catalytic dehydro- 
genation operation at high temperatures in- 
volving either a one-stage or a two-stage 
process. In the one-stage operation a mix- 
ture of butane and butylene is passed over 
the catalyst and a portion is dehydrogenated 
to butadiene, while simultaneously a portion 
of the butane is converted to butylene. The 
butadiene is removed and concentrated, and 
the mixture of butylene and butane is re- 
cycled for further treatment with the addi- 
tion of make-up butane. In the two-stage 
process, butane is dehydrogenated to buty- 
lene, which is separated from the unreacted 
butane and then further dehydrogenated to 
butadiene. The unreacted butane and buty- 
lenes are recycled in their respective steps. 

The Government has scheduled a produc- 
tion of 75,000 short tons of butadiene a 

* The Polymer Ltd. plant of Sarnia, Canada, in- 
cluded in some of these tables, is not a part of the 
United States Government program. 


a constituent of the natural gas produced 
in various parts of the United States. 

The production of butadiene from gasoline 
and heavier petroleum fractions differs from 
the foregoing processes because butadiene is 
a relatively minor fraction of the total out- 
put. This thermal cracking process seldom 
produces more than six percent, by weight, 
of butadiene from the material charged. 
Besides butadiene, this method produces a 
large number of other valuable products, 
such as ethylene, propylene, butylenes, iso- 
prene, piperylene, benzene, toluene, xylene, 
lighter gases and heavier residuals. If an 
integrated plant can be built to utilize a 
number of these by-products, this method 
will furnish a desirable process for the pro- 
duction of butadiene. If the by-products 
are not efiSciently utilized, the process is 
feasible only as an emergency operation. 

The petroleum fractions are vaporized and 
then treated at high temperatures either in 
a tubular furnace or in a regenerative type 
brick-work. The products, which contain 
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GOVKENMENT OWNED BUTADIENE J’LANT OI’EltATED MV JI UM BLE OIE, BAYTOWN, TEXAH 


materials ranging? from lijjlit gases 1o heavy 
hydrocarbons, are cooled and then fractioii- 
ated to produce a narrow boiling fraction 
containing the butadiene. This is then 
treated for the recovery of the diolefin. Hix 
plants have been scheduled for the Ooveni- 
ment program. The companies operating, 
their locations, and annual capacities in 
short tons are shown in Table 2. 

In addition to the Government plants, 
there are six butadiene plants that are pri- 
vately owned and operated. These plants 
are all in operation and have a combined 
annual production of approximately 25,000 
short tons of butadiene. 

When all plants, both private and govern- 
ment owned; are operating at capacity, the 
total butadiene production of the United 
States and Canada will be in excess of 690,- 
000* Short tons per year. 

In the absence of sufficient information, 
consideration of the relative merits of the 


lirocesses based on petroleum raw materials 
and of those based on alcohol has led to hc'ated 
discussions. At the present time both proc- 
esses have operated long enough to (daril'y 
the matter. It appears that there will not 
be any very great difference in the capital 
investment ]ier ton of capacity of the two 
types of plants, including the necessary 
auxiliaries for the production of the f(‘ed 
materials, and that the ojierating costs per 
])ound of butadiene will be about the same 
for the various processes. It becomes, there- 
fore, largely a matter of the relativ(> cost of 
the raw materials employed and the value of 
the by-products produced. As indicated 
above, the petroleum processes will jiroduce 
about 2 7 pounds of butadiene jier gallon of 
butylene, or 2 pounds per gallon of butane, 
while a gallon of alcohol will produce from 
2 to 2 5 pounds of butadiene. As far as 
initial feed stocks are concerned, it thus ap- 
pears that the price of alcohol per gallon 
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should not greatly exceed the corresponding 
price of butane or butylene if the processes 
are to be competitive. Actually, the price of 
alcohol has been much higher than the cost 
of these hydrocarbons. On the other hand, 
the alcohol process produces certain valuable 
by-products, whereas the butane and buty- 
lene processes ha ’ gas as a by- 

product. Even with the credit for these by- 
products, it does not appear that alcohol can 
be produced from grain, at the prices that 
have prevailed over the past five years, at a 
cost low enough to be really competitive with 
the petroleum butadiene operations. How- 
ever, alcohol produced from molasses or syn- 
thetic alcohol produced from ethylene could 
probably compete with butane and butylene 
as a raw material for butadiene production. 

Actually, it has been possible to construct 
the alcohol butadiene plants and to bring 
them into operation appreciably faster than 
the petroleum butadiene units. At the pres- 
ent time a high percentage of the butadiene 
is being produced by the alcohol operations, 
and it will be several months before the pro- 
duction of the petroleum plants exceeds that 
of the alcohol units. 



FRACTIONxVTOES, BUTADIENE PLANT 

OPERATED BY PHILLIPS PETROLEUM CO., BORGER, TEXAS 


butylene to butadiene. In this ease the 
crude mixture obtained by the dehydro- 
genation reaction is separated by fractional 
distillation, and the uiireacted ethylbenzene 
is then recycled for further reaction. Six 
styrene plants were scheduled in the Govern- 


TABLE 3. Plants Scheduled for the Production of Styrene 


Operat m g co mpan g 

Location 

Annual capacity 

Monsanto Chemical Co. 

Texas City, Tex. 

50,000 

Dow Chemical Co. 

Los Angeles, Gal. 

25,000 

Carbide & Carbon Chemical Oorp. 

Institute, W. Va. 

25,000 

Polymer Ltd. (Dow) 

Sarnia, Canada 

Kobuta, Pa. 

10,000 

Koppers-United Corp. 

37,500 

Dow Chemical Co. 

Velasco, Tex. 

50,000 

197,500 


Styrene constitutes the other main in- 
gredient of GE-S. It is prepared by com- 
bining ethylene with benzene to form ethyl- 
benzene. This operation is carried out at 
moderate temperatures in the presence of a 
catalyst. Most of the benzene employed is 
a by-product fraction obtained in the coking 
of coal, and the ethylene employed is pro- 
duced either from ethyl alcohol or by crack- 
ing of petroleum products. 

The ethylbenzene so obtained differs from 
styrene in the same way that butylene dif- 
fers from butadiene; namely, it contains 
two more hydrogen atoms per molecule. 
Dehydrogenation of ethylbenzene to styrene 
is very similar to the dehydrogenation of 


ment program The companies operating, 
and the locations and short ton capacities 
of their plants are shown in Table 3. 

All these plants are now in full or partial 
operation, and the processes appear to be 
satisfactory. In addition to the above Gov- 
ernment ovuied plants, there is a private 
plant of the Dow Chemical Company at Mid- 
land, Michigan, which has been expanded 
during the present emergency. A large por- 
tion of the production of this private plant 
has been employed for the production of 
6E-S during the present year (1943). 

Polymerization. Butadiene and styrene 
can be polymerized in various ratios and in 
a number of ways ^ The process selected for 
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butylene molecules to form the chain. It re- high purity necessary for the butyl rubber 
suits, therefore, in a material which is rub- reaction. 

ber-like but which does not contain the re- Isoprene is to be obtained from two 
sidual chemical unsaturation necessary for sources : first, from thermal decomposition of 
vulcanization. Isobutylene polymerized in turpentine and, second, as the by-product of 
this form is called Vistanex, or polyisobuty- butadiene production The second source is 
lene, and has a considerable use as a rubber- related to the thermal cracking of gasoline 
like material. It is made vulcanizable by and heavier petroleum fractions for the pro- 
copolymerizing a small amount of diolefinic duction of butadiene. In this cracking proc- 



STYEBNE DISTILLATION COLUMNS, DOW CHEMICAL COMPANY, LOS ANOELES 


material, such as butadiene, isoprene or other ess a by-product fraction of hydrocarbons 
diolefins, with the isobutylene. The addition containing five carbon atoms to the molecule 
of the diolefin leaves an unsaturation in the is obtained. Isoprene is present in this frae^ 
polymerized molecule that can be utilized for tion. By a series of fractionation steps, the 
vulcanization. While other diolefins can be isoprene is separated from the other hydro- 
employed, the present GB-I program com carbons, and concentrated to the desired 
templates using a few percent of isoprene purity. 

as the diolefinic material. Isobutylene is a The actual polymerization reaefion is car- 
by-product of the cracking of petroleum ried out by treating the mixture of isobuty- 
fractions^ and it is concentrated by a series lene and isoprene with a catalyst at a low 
of extraction and fractionating steps, to the tempa^ture. TMs slurry of 
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smal] rubber partieles iu tlie reaelioii inix- 
tiire. The resulting* slurry is iieated to tiasli 
off tla* iiureaeted (^oiistitueiils, -wbieh are re- 
used, and the rubber partieles are treated 
U'itli liot water to desti’oy tlie eatalyst. After 
sereeuiny to sepaiute the water, the rublxu” 
particdes are dried and then liaiidled siiui- 
larly to (iK-8, or natural rubb(u*. 

Pkodtution of (Ui-M (N'eoprene) 

The u’<>vernnieiit pro^’rain eoiitemplah^s an 
eventual ])roduetion of 40,()0() lon^* tons per 
year of (Mt-M (Neopi'ene (IN). For this 
purpose a jdajit located at Tjomsville, Tveu- 
tucky, is bein^' coJistrucded and oi)erated for 
the GovernmeJit by E. L dii Pont de Ncuuours 
and Company, Iiie. Tlie du Pont Company 
also has a privately owned neoprene ])lant 
with an annual eapacuty of approximately 
9,000 tons. The entire (jovenmient plant is 
now in operation at rated capacity. CR-M is 
produced by the polymerization of chloro- 
preue to gave a long-chain rubberdike mate- 
rial. 

Preparation of Chloroprene. Chloroprene 
is a substituted diolefin containing four 
carbon atoms to the molecule, the same as 
butadiene, in which one of the hydrogen 
atoms has been replaced by a chlorine atom. 
Coal and limestone are heated electrically to 
produce calcium carbide wdiich is used to 
prepare the light hydrocarbon gas, acetylene. 
The acteylene is polymerized to give mono- 
vinyl acetylene vhich is then reacted witli 
hydrochloric acid to give the desired eh loro- 
prene. Chloroprene is a light substituted 
hj^droearbon that easily polymerizes with 
itself to give high molecular weight rubber- 
like materials. Since it is diolefinie in char- 
acter, the resulting molecule has a high de- 
gree of unsaturation. 

The actual polymerization of chloroprene 
to GR-M is carried out in a manner closely 
analogous to that employed for the produc- 
tion of GR-S. Chloroprene is emulsified 
with water,, and the polymerization reaction 
is carried out with the aid of a catalyst. 
This Results in a latex containing small par- 
ticles of GR-M, which can be used as such 
for dipping and coating or can be coagulated 
;,to^give a massed form of the polymer. The 
' vtihanumti'oh of QR-M is effected by heat 
? ^thonl fhe aid of sulfur as a curing agent. 


J^uomuuuoN OF Rlna-N 

Ihina-N is a, syutbcii('. rubber produced in 
a niamiei* very simibir to the prodiudlon oi 
(JR.-S, with the ex(up)tion tbat the reaediou 
mixtuiv (U)ntains butadi(Mie and acuwlonii rile 
nist(‘ad of butadiene and styiauie. It, ivS not 
being ])r()dueed in Goverjuuent finaneed 
plants oi' as a Government sj)()ns()red ()[)era- 
tion. However, priorities on ecjnipment lor 
the ])r(‘pa ration of tlie polymer and its raov 
materials have been expedited by the (iov- 
eimment rubber agencies. 

Acrylonitrile can be prepared in S(‘veral 
ways, but it is chiefly made i'rom ethyhme 
oxide and hydrocyanic acid. 

As already stated, the actual prowess for 
the j)r()du(itioo of Runa-N is almost identical 
with that used for Glt-S and it is bandied in 
mu(4i the same manner. An annual produc- 
tion of ap[)roximately 24,000 long tons of 
Buna-N type rubbers is continnplated. 

Ill 

(JoMPAinsoN OF Properties of the Variotts 
Synthetic Rubbers 

GR-S is a general [uirpose type of syn- 
thetic rubber that processes and vnhniuizes 
in a manner similar to natural rubber. In 
general, it has desirable jibysical prop(n'ti(‘s, 
although iu a few important cliaraideristies 
it is definitely inferior to natural rubber for 
some uses. In other uses it is the cNpial, if 
not the superior, of natural rubber. It 
should be pOvSsible to use OU-S for most of 
the important uses of natural rubber. For 
example, it is believed that it will be possible 
to produce automobile tires that are about 
as satisfactory as the tires made from natural 
rubber. An intensive research and develop- 
ment program being carried on by a number 
of the rubber, petroleum, and chemiccd com- 
panies, and by educational institutions iu 
cooperation with the Governnumt, is con- 
tinually developing improvements in the 
GR-S type of rubber. In fact, recent devel- 
opments give promise of overcoming the most 
serious drawbacks of GR-S. In general, its 
processing characteristics are very similar to 
those of natural rubber. It appears very 
likelj^ that within a few years this general 
type of rubber will be essentially the equiva- 
lent of natural rubber for most uses. 

GR-I, owing to its different chemical char- 
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acter, has properties somewhat different from 
those of natural rubber and GR-S. While it 
may develop into a general purpose rubber, 
the main immediate uses will be those based 
on its special properties, such as its imper- 
meability to gases and vapors, and its excel- 
lent age resistance. Thus, GE-I inner tubes 
hold air better than those made of natural 
rubber. It likewise should be useful for 
coating fabrics where imiDermeability to gases 
is important. 

GR-M is a synthetic rubber that was em- 
ployed on an appreciable scale prior to the 
present emergency, since it possesses special 
solvent resistant properties that are not ob- 
tainable with natural rubber. While the cost 
of neoprene was several times that of natural 
rubber, these special properties made it eco- 
nomically competitive. Neoprene also has 
excellent aging properties, particularly re- 
sistance to sunlight, and it is, therefore, valu- 
able in covering fabrics that will be exposed, 
such as balloon fabrics. The GR-M produced 
in Government plants will be used largely 
for purposes for which its special properties 
make it valuable, although the quantity con- 
templated may be large enough to make 
some available for general purposes. It is 
satisfactory for general uses with the excep- 
tion that it becomes brittle at the low tem- 
peratures that are likely to be encountered 
in high latitudes. The low temperature 
properties can be improved by the prepara- 
tion of special copolymers of chloroprene, but 
the production of these copolymers is not now 
contemplated in Government owned plants. 

Buna-N, which was produced on an appre- 
ciable scale before the present emergency, is 
also employed as a special purpose rubber. 
It has exceptional solvent resistant proper- 
ties, particularly for liquids such as aromatic 
hydrocarbons. Essentially all the Buna-N 
is now employed in uses that are based on its 
solvent resistance. It could be used as a 
general purpose rubber, but its properties 
are not enough different from those of GR-S 
to justify its much more difficult processing 
and its much higher cost. 

At the present time synthetic rubbers of 
the four types that have been discussed are 
being produced at an annual rate in excess 
of 500,000 long tons. Over the period of the 
next few months this production .rate will be 
stepped up tb^the order of 600,000 to 700,000 


long tons per year, and then sufficient syn- 
thetic rubber should be available for all 
essential uses. 

The future of synthetic rubber is a ques- 
tion that is always raised when rubber pro- 
duction is under discussion. The problem is 
very involved and obviously will not be com- 
pletely answered on purely technical and 
economical grounds. It is also undetermined 
whether the plants will continue under gov- 
ernment aegis after the emergency or will be 
turned over to private ownership. 

There is no question that special rubbers 
of the type of Buna-N and GR-M will be pro- 
duced on an appreciable scale regardless of 
the cost or availability of natural rubber, 
because they are desirable for a number of 
uses for which the natural material is not 
satisfactory. 

The ease for GR-S and GR-I is not as 
clear as that for Buna-N because they will 
be more nearly in direct competition with 
natural rubber. It is believed that they can 
be produced for a price of fifteen to twenty 
cents per pound, including a reasonable 
amortization and return on the investment, 
and there is a possibility that they can be 
developed at a cost less than fifteen cents 
per pound. This price range compares 
favorably with the average price of natural 
rubbers over the past decade, but if the pre- 
vailing economic conditions in the rubber 
producing countries should be the same after 
the war as they were prior to it, there is no 
question that natural rubber can be delivered 
to the United States at a cost less than fifteen 
cents per pound and still show a satisfactory 
return for the plantations. 

It appears likely that both natural and 
synthetic rubber will be used in the future. 
The availability of the synthetic rubber will 
stabilize the price structure and prevent the 
large fluctuations in prices of rubber that 
have prevailed in the past. It will also be 
very much to the national interest to main- 
tain a synthetic rubber production large 
enough to meet the initial impacts of future 
emergencies. The continued use of syn- 
thetics over a period of years will also de- 
velop the necessary technical knowledge .rela- 
tiye to their production and uses and will, 
therefore, obviate the intense research, de- 
velopment, manufacture, and testing that are 
necessary at the present, ti^me. 



THE AMAZON-HAS IT BEEN FULLY DISCOVERED? 

By ALBERT F. KUNZE 


In the year 1502, inore than a century be- 
fore the Pilgrims landed on Plymouth Iloek, 
while Henry VII, first son of The House of 
Tudor, ruled over Britain, the existence of 
the great Ama^ion was discovered. That was 
more than four centuries ago. 

Today the potentialities of the Ainaxon 
River and its incomparable basin of some 
2,722,000 square miles — over twice the esti- 
mated drainage area of the Mississippi and 
its combined tributaries — is still a vast re- 
gion of undiscovered treasure. As the years 
progress chemistry will find uses for the 
myriad of plant species indigenous to the 
Amazonian basin; engineers will harness the 
untold horsepowers of energy that have, for 
centuries, wasted themselves in their Jour- 
neys through the virgin Jungles to the sea; 
botanists, biologists, and ornithologists will 
enrich their sciences with discoveries in re- 
gard to the flora and the fauna of the Ama- 
zonian tropics ; and among other phenomena 
to be studied archeologists may analyze the 


earthly lamina of this ‘'great unknown’’ to 
solve mysteries predating those of the Pre- 
Columbian era. In the fields of science the 
Amazon River is still a vast virgin world in 
itself, awaiting exploration and exploitation 
in the light of modern advancetnenfs. 

Its hmg arms of flowing waters, capable of 
moving ocean craft for more than 2,000 miles 
westward from the Atlantic Ocean, beckon 
to the engineers of navigation, inviting them 
to utilize its watery pathway to bring to 
manufacturing and commercial centers, nat- 
ural wealth that is so profusely to be found 
in but few places on the face of the earth. 

The “dreamers” of the lands through 
which these waters flow have ])erhaps^not 
failed to appreciate the potentialities of the 
natural assets that lie there unused. Three 
governments liave, through the same me- 
dium, seen fit to invite attention to this 
watery (^olossus of the WovStcni Hemisphere. 
Their chosen vehicle of publicity has been 
drama in a picture form with which all 
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FIO. 2. (A) OLB MAP OF SOUTH AMERICA (B) ORELLANA ANB HIS CREW 


residents of their great areas are in intimate 
contact — ^postage stamps. Used by all who 
read, they convey their silent messages to the 
far corners of the world. 

While it is true that none of the group of 
twenty-one stamps dedicated to the Amazon 
openly touches on the future development of 
this river, it is not at all improbable that this 
subject may have been in the minds of those 
who promoted their issuance. 

In this era of experimentation many novel 
ideas have been tried. The direction and 
guidance of public thought is one develop- 
ment of political science that has received 
much attention. In the stimulation of na- 
tional ideologies, postage stamps have played 
an important and surprisingly large part. 
World’s Fairs, religious observances, and 
national industrial opportunities have fre- 
quently been depicted on postage stamps. On 
innumerable occasions political philosophies 
have been epitomized in the portraits of such 
heroes as Bolivar, San Martin, Washington, 
Artigas, and Sucre. 

During the ye^r$ 1940, 1941, and 1942 
Ecuador, Peru, and Brazil, dramatically in- 
vited attention to tiie mighty Amazon 
through postage stamps. In all three cases 
the four hundredth anniversary of the dis- 
coveries of Gronzalo Pizarro and Francisco 
de Orellana have been used as justifieatioh 
Tor these postal issues. Their ' adventures 
constitute a series of the most dramatic 
incidents in. all of the sensational history of 


the unfolding of the Western world (Figs. 

2a, 3). 

In 1540 a substantial Spanish population 
had already gathered in widely separated 
localities of South America. The settlers, 
largely conquistadores and adventurers, had 
a fair conception of the general geographical 
characteristics of the land to which the lure 
of wealth had drawn them. Their ancient 
maps, as shown on the 40c. black and yellow 
air mail stamp of Ecuador, illustrate their 
fairly accurate concept of the vast South 
American continent. 

Prior to that time, in the year 1500, 
Vincente Pinzon, one of the Captains of the 
original Columbus expedition, skirted the 
eastern shore of this great ^‘island,” as he 
presumed it to be. At a point close to the 
equator he fell upon a mystery more baffling 
than any he had previously encountered. 
The salty nature of the ocean had changed 
to fresh water. The aimless tossings of its 
billows assumed a slight current, directed 
toward no particular destination but ema- 
nating endlessly from between two points of 
land so widely separated that to his mind 
they could not have been the opposite shores 
of a river. As Pinzon sailed his. ship west- 
ward between them he became more per- 
plexed than every for nowhere in the experi- 
ences of Columbus,^ The Great iSTavigator, or 
the i^iehtifie discourses’ of Tosckn^4 *0^^' fbe 
fantastic writings of Marco Polo, had the 
story ever been told of a body of ffesh water 
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lyinj» within or atljoinui^ Iho j>roa1 sally 
oeoaii. After sailinj^* westward for several 
days aj^’aiiist the inereasin^* eurreid, he ehris- 
tened the stranf:>e waters with Die Jiaine 
‘‘Mar Dulee^’ and eontented hiinself with 
having’ it noted in his lo^‘, leaving* the sig- 
nificance of the stran^*e experience to others. 

So incomprehensible was the eni^ana Pin- 
zon had presented that the “wise ineiP^ of 
the old world demonstrated their wisdom by 
remaiuinj>‘ silent. As a resnlt fonr decades 
and lon^Tr passed before the world realized 
that Vincente Pinzon liad, in fact, achieved 
one of the j>ireatest discoveries of the New 
World. Pinzon and a whole generation of 
his fellow men died without ever having* 
realized that he had discovered the giant of 
New World waterways, later named the 
Amazon. 

To this day, and perhaps for all future 
time, however, the discovery of the Amazon 
will continue to be accredited to another 
conquistador. This capricious award of 
fame is no doubt attributable to the more 
sensational and melodramatic story of Fran- 
cisco do Orellana and the manner in which 
he became associated with the Amazon, hi 
truth, it might be recorded that, while Vin- 
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cente Pinzon (liscov(‘r(‘(l the exist(mc(^ of the 
river, it remained for Ondlana to discover 
its greatness and, vaguely, its course. 
Htrangely, they approa(duMl the ri\(‘r from 
opposite ends, Pinzon unknowingly having 
entensl its month and Orellana having 
traced its course down the eastern slope of 
the Andes, beginning 3, 000 miles from its 
mouth in the highlands of the Republic now 
known as Kcuador. 

The early s(‘at of Spanish authority and 
military power centennl about the Vice- 
Royalty of INu'u where Francisco Pizarro, 
th(‘ Viceroy, ruled with uncomproiuising au- 
thority. Ills fame and success was to no 
small extent due to ih(‘ loyal prowess of his 
brother (Jonzalo, and to his lieutenants, 
Francisco d(‘ Orellana and Diego <le Al- 
magro (Fig. 4a). As the dominant Pizarro ^s 
prestige rose, so Almagro’s ambition for 
recognition and reward increased, and as has 
so often been the ease where friends of un- 
usual prowess vie, disagreement sooii arose. 
The Viceroy Pizarro knew but one satisfac- 
tory course to pursue when his power was 
challenged. 

In 1538 he dispatched a snbstaidial force 
of his military strength under command of 
his brothers (ionzalo and IRnaiando against 
Almagro, and assigiuHl an iinixirtant mili- 
tary task to his trusted friend, Francisco de 
Orellana. Theii* forces were large and their 
equipment surpassed that of Almagro who 
suffered defeat, and, after surrendering, the 
penalty of death for his insubordinate chal- 
lenge to the authority of the Viceroy Fran- 
cisco Pizarro. (Jonzalo IMzarro was re- 
warded for his successes by being named 
(3-ovenior of the Province of Quito (Pig. 5b). 

The military skill and the daring of Orel- 
lana in warfare so pleased the Pizarro broth- 
ers that the intrepid soldier received high 
praise and was rewarded with the title of 
Governor’s Tneutenant General of the newly 
founded city of Santiago de (Juayacpiil, situ- 
ated high among the peaks of the An(l(*s. 
There he demonstrated that he was as pro- 
ficient in civic administration as he had been 
successful in battle. Guayaquil, as a vassal 
city to that of the Viceroy, prospered an(J 
grew (Fig. 5a). 

The early Spanish conquistadores, how- 
ever, were not an agricultural people content 
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PIG. 4. (A) PIZAREO AND ORELLANA (B) ORELLANA, DISCOVERER OP AMAZON 


to establish a community and live on such 
products of the land as its resources might 
offer. Gonzalo Pizarro well recognized that 
fact and found little difficulty in convincing 
his brother, the Viceroy, that it would be 
well to organize a strong force to move east- 
ward to discover and take possession of the 
fabulous wealth of El Dorado, the Man of 
Gold, and of La Canella, the Land of Cinna- 
mon. No difficulty was encountered in re- 
cruiting a following to proceed on an adven- 
ture that promised such rich reward. Ac- 
cording to Indian report and tradition, El 
Dorado possessed wealth in gold that knew 
no bounds. The most menial utilities were 
made of the precious metal that glittered and 
scintillated in the brillance of the ever pres- 
ent tropical sun. It came from sources that 
were seemingly inexhaustible. El Dorado 
alone knew of their locations. Then too, in 
the same general direction as the abode of 
El Dorado, was the Land of La Canella 
where the fragrance of cinnamon perfumed 
the air with a deep, piquant, stimulating odor 
that surpassed the exotic and aromatic in- 
censes of Oriental spice lands. 

Toward the attainpaeiit of these rewards 
awaiting mere taking fey the Spaniards, the 


adventurers rallied to the call of Gonzalo 
Pizarro. Several thousands, including In- 
dian servants, made ready to follow the lead- 
ers appointed by the Governor, chief among 
them being Francisco de Orellana and Gon- 
zalo Diaz de Pineda. With munitions of 
warfare, building materials, food supplies in 
casks and bales, and even livestock on the 
hoof, they finally got under way. Late in 
February of 1541 the advance unit of the 
expedition set forth (Fig. 6). 

By day they traveled down paths of ver- 
dant grasses and at eventide paused in a cool 
ravine to enjoy relaxation and a satisfying 
meal. They gathered before open fires to 
revel in the interpreted stories of their native 
Indian guides. Each evening the Spanish 
adventurers relaxed to absorb further and 
more exaggerated stories of the glittering 
golden horde of El Dorado. As succeeding 
nightly camp firra were lighted, the men 
were assured that the land of their desire 
was but a few days further travel toward'the 
rising qun. Each morning they arose' at 
dawn fired with the certainty that the forth- 
coming day’s journey ■ would bvihg ,,;&em 
closer to El Dorado. In their en^usiasm 
less consideration was given to the fact that 
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(A) SANTIAGO DE GUAYAQUIL (B) QUITO, ('APJTAL OE PIZARRO’H 1>R0VIN(’E 


PIG. 5. 

food supplieb were dimiuishiuf? than to the 
hope of reaching their desired destination of 
gold They appeared wholly oblivious to the 
fact that the dense vegetation through which 
they were forging their way oflEered no fresh 
supplies of food and that animal life con- 
sisted largely of snakes, lizards and ugly 
monsters that crawled on their bellies. 

One day, however, the situation in regard 
to their lack of food stores dawned on them 
with startling emphasis. They held a con- 
sultation and it was decided that a brigan- 
tine was to be built which, freighted with 
their heavier burdens of munitions and can- 
non, was to move down the river to a point 
where, it was told, supplies of fresh meats 
and vegetables were to be found. There the 
heavier articles of their equipage were to 
be left, along with some of the men. Pood 
was to be brought back on the return trip and 
then all were to proceed onward again to the 
Golden Land of El Dorado. 

^ The plan was excellent. While the brigan- 
tine was being constructed of rough hewn 
forest logs, further consultations were held 
as to which of the Governor’s lieutenants 
w^ to captain the ship. Gonzalo Diaz de 
Pineda was the only one seriously considered 
beside Pranoisco de Orellana. A decision 
was quickly reached, the former being as- 
signed to rmnain with Gonzalo Pizarro and 
the main contingent of the soldiers, while 
Orellana accepted the honor and the respon- 
sibility of leading: the contingent about to go 
forward for food. 

In ambitiously accepting that assignment 
OreHana untonwingly was facing the turn- 


ing poial of his life. As a result of this new 
phase of his adventure, the high regard of 
the Pizarros, both Vieeroy and Governor, was 
to turn from admiration to vindictive hatred, 
and the former praise he had received as 
soldier and as chief of the City of Santiago 
de Guayaquil was to be succeeded with 
charges of insubordination, treason, and 
treachery. As a matter of actuality his 
reputation became sullied with the most un- 
kind and nneoniplimentary aspersions which 
endured for centuries after he had died. 

Orellana, born in 1511 in the town of Tru- 
jillo, Province of Bsrcniadur in Hpain, was 
the son of a prominent family, llo was 
hardly more than a boy when he went to sea. 
lu the service of Francisco Pizarro, to whom 
he was distantly related, he found a place 
among the early eonquistadores who intro- 
duced the blood of Spain into the New World. 
During early life, in one of many hand-to- 
hand battles ho lost one of his eyes, which 
added color to the infamous title, “the One- 
Eyed Traitor,” by which he was long known 
in the records of history — accepted as authen- 
tic until the end of the nineteenth century. 

In 1894 Jose T. Medina, a deep student of 
the source materials of writings long aceepti'd 
as authoritative, completed a research that 
had engaged his major attention for a long 
period of years. He had taken issue with 
the record “created” by Jimenez de la Bs- 
pada some three hundred years before, while 
lingering reflections of the old Pizarro-Orel- 
lana feud still persisted. Medina’s views 
now appear not only to warrant favor, but to 
possess a logical sequence of factual data that 
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justifies the honor and prestige restored and 
rightfully belonging to Francisco de Orel- 
lana (Fig. 4b). 

On December 26, 1541, amid salvos of good 
wishes and the cheers of his comrades, Orel- 
lana captained the brigantine his fellow ad- 
venturers had built and started eastward on 
what was to have been a mission of mercy 
in finding food and returning it to his com- 
panions. He planned to move downstream 
with the aid of his sails and the mild current, 
and then to return. The stream broadened 
as he proceeded, the waters took on a more 
powerful movement, and the jungle land be- 
came more dense, but neither villages nor 
edible vegetation greeted the ever watchful 
eyes of Orellana and his men. 

From time to time occasional small bands 
of jungle natives greeted him through un- 
familiar signs and incomprehensible mouth- 
ings. Through them Orellana was led to be- 
lieve, or chose so to interpret their messages, 
that supplies of food were to be found ahead 
after another day of travel. But as each day 
waxed from noon to night, the quest lured 
him further down stream. The current in- 
creased, the river widened, and the waters, 
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fraught with cataracts and rapids, rendered 
progress more dangerous with every hour. 
Bach day his surroundings changed — even 
the character of the natives differed. In 
place of friendly Indians he met with a sav- 
age tribe whose greetings were conveyed by 
arrows with hardened tips bathed in the poi- 
sons of the jungle. They were an odd lot; 
according to the record of the historian Car- 
vajal, they had fair skins, long blonde hair, 
and wore tunics that reached to their knees. 
As a result of this record, however clothed 
with imagination it may have been, these un- 
friendly natives were referred to as the 
feminine Amazon warriors of the New 
World. Battle with them and even flight 
from their missiles called for all the skill 
Orellana could command (Fig. 2b). 

Orellana's food stocks ebbed and then dis- 
appeared entirely- The captain of the mis- 
sion of mercy in search of food for his com- 
panions upstream began to realize that his 
temporary assignment had, for the time 
being, assumed less importance than his own 
growing predicament of danger. The in- 
creasing river current, the savage natives, 
and bis crew jot men whose ihdrale had 
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reached its lowest ebb with cases of scurvy 
and other diseases prevalent, constituted 
problems that had chaiifjed the whoh' world 
for Orellana. In heart and mind lu' had not 
forgotten Gonzalo Pizarro and the mission 
he had been called 03i to perform, bnt as a 
practical matter there was no course for him 
to pursue other than onward into the in- 
definite spaces ahead at the mercy of the cur- 
rent and the winds. Had it been possible 
for Orellana to return to Pizarro, it was 
obvious that there was no point in taking 
that chance for the single purpose of repoid- 
ing a failure to accomplish his objective. 

Onward with the current Orellana will- 
ingly or otherwise plunged, finding the task 
of keeping the keel of his ship beneath him 
as much as he could manage. Torrential 
rains further handicapped his better man- 
agement of the brigantine, the rains beating 
upon its deck with siieh force that the fore- 
castle was not visible from the stern of the 
ship. Days followed weeks with a monotony 
varied only in the type and character of 
changing dangers. Time had lost its signifi- 
cance, direction had no meaning, even a des- 
tination was of less interest to Orellana than 
the ever present conse((uenees of hunger. 
Starvation, scurvy, and death all took their 
toll as the nameless brigantine tossed and 
lurched its way down stream to an unknown 
destination. 

St. Louis Day late in August of 1542 
dawned and unexpectedly proved to be the 
end of a voyage auspiciously begim eighteen 
months before — a voyage that was intended 
to have lasted but two weeks. Orellana and 
his men had reached the Great Ocean, hav- 
ing traveled some three thousand miles east- 
ward from the Andes. The original objec- 
tive of their mission had long since been 
forgotten yet it was, according to Medina, 
“in this way that they brought to an end 
their navigation and experience which had 
been entered upon unintentionally and 
turned out to be so extraordinary that it is 
one of the greatest things that ever happened 
to men.” 

Orellana’s original objectives of finding 
El Dorado and La Oanella were never real- 
ized- His secondary mission of obtaining 
food for his companions y^as likewise never 
accomplished. For this latter failure he was 


censured tiiroughoul Ihc milni of the Pizar- 
ro.s ns having been a traitor in deserting his 
eompaiiioiis in the hour of their greatest 
need. In Spain, after the full extent of 
Orellana’s journeys became known, he was 
acclaimed a hero on wlioui great honors wer(> 
bestowed. But his triumph was transitory. 
At the height of his fame he was sent to 
Colombia to investigate a difficulty which 
had ari.seii between certain of the ypaiiisli 
officials stationed there. After familiarizing 
himself with the situation he made the un- 
fortunate error of ordering the arrest and 
imprisomuent of several members of the 
“Audciieia.” The Oouneil of the Indies in 
Spain, on reviewing the situation, disa])- 
proved of Orellana’s action, and in turn, 
ordered him to ])riHon where he died a short 
time later. So destitute was the great voy- 
ager, that it became necessary for someone 
else to meet the expenses of his funeral. 

Despite the misfortunes of his own life, 
Orellana is today credited with the distine- 
tion of having been the first man to have 
navigated the entire length of tlie Amazon, 
thus bringing recognition of its immensity 
to the world (Eig. 7). Ilis reports stimu- 
lated a series of exploratory voyages to and 
up the river and its several tributaries. 
Among them the most dramalie were those of 
Lope de Aguirre and, later, that of Pedro 
de Teixeira. Despite these explorations, tlie 
Bpaniards acquired only a vague idea of the 
magnitude of the Amazon, its tributaries and 
drainage basin. This is evidenced by their 
crude maps, now obsolete, several of wliieli 
are to be seen on the recent postage stamps 
of Ecuador and Peru. A fuller picture of 
the vast reaches of the Amazon, at least in- 
sofar as the Brazilian basin is eoneerned, is 
to be noted on a 1943 brown map stamp of 
Brazil released by Brazil in 1943. 

The increased needs of world markets for 
many basic materials and substitutes for 
others, so sternly realized in connection with 
the prosecution of World War II, has 
brought a distinct change to the Amazon 
Basin. The great rubber industry has re- 
awakened, embracing not alone the agricul- 
tural phases of cultivation but likewise the 
subject of manpower coupled with the eud- 
lesS human needs of food, shelter, and cloth- 
ing for the workers and their families, 
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schools for their children, health and sanita- 
tion facilities, and the equally great problem 
of transportation by land, sea, and air. Kub- 
ber is said to have been indigenous to the 
Amazon valley, although later cultivated in 
the East Indies and Africa where it gained 
great commercial prosperity. From present 
indications it would appear that the Era of 
Rubber in the Amazon Valley is about to 
begin. 

Quinine, a product of the bark of various 
species of the cinchona tree, is likewise a 
native of the Ecuadorean and Peruvian 
basins of the Amazon. The unprecedented 
movement of men to tropical climates in con- 
nection Avith the pursuit of World War II, 
so stimulated the need for the medicinal 
powers of quinine that the cultivation and 
treatment of cinchona trees of the Amazon 
valley have received an impulse greater than 
ever before. Woods of a wide variety, fibers, 
tin, manganese, and other natural resources 
in quantities and grades still unknown lie 
dormant in the huge Amazon Basin covering 
an area larger than that portion of the 
United States east of the Mississippi River. 
Many species of native fiora of the Ama- 
zonian regions still remain subjects of chemi- 
cal and commercial experimentation and ex- 
ploitation such as the vegetable ivory trees, 


the babassu nuts and the carnauba palim 
This latter species, which flourishes in the 
dry regions of the northeast has already re- 
ceived considerable attention. In regard to 
it Professor Fred A. Carlson of the Ohio 
State University has written in his Geogra- 
phy of Latin America: 

The root is depurative and is -widely used in treat- 
ment of blood diseases. From the bark is prepared 
a meal which is highly prized. The trunk furnishes 
a wood employed in rough timbering. The fruit is 
an excellent food for animals, and when ripe, has a 
soft, daik, lustrous sweet pulp which is delicious 
either row or made into a conserve. Around the fruit 
IS a shell five inches in diameter, which when roasted, 
IS made into a drink resembling coffee, and which 
yields an illuminating oil. From the surface of the 
young leaves comes the famous carnauba wax which 
IS widely used in phonograph disks, in cinema films, 
in insulation for cables and in candles. 

To science the great Amazon River and its 
far-reaching Basin still remain to be discov- 
ered with a view to a fuller use of their abun- 
dant natural wealth. As Vicente Pinzon in 
1500 discovered the existence of the river, 
and Orellana in 1542 its length and course, 
so, even today, after a span of more than 
four centuries, there remains for discovery 
through the advanced sciences of our gen- 
eration, a multitude of practical uses for the 
natural assets of the Amazon Basin. 
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AGAR; A VALUABLE SEAWEED PRODUCT 

By C. K. TSENG 


The importance of agar^ in culture media 
for bacteriological and other microbiological 
research is well known in the scientific world. 
The United States, like other countries, used 
to depend principally on Japan for her agar 
supplies. Under the present conditions ibis 
source of agar is no longer available. The 
resulting agar shortage has become the con- 
eern of the Government. Consequently 
much attention has been given to problems 
regarding agar by various scientists — ^bac- 
teriologists, botanists and chemists. There 
are already several articles recently pub- 
lished in Scienoe and elsewhere, on methods 
for reclaiming used agar, on new sources of 
agar, and on the preparation of agar substi- 
tutes. 

Aoar : History and Nomenolattjre 

In undertaking certain research problems 
with regard to the agar resources on the 
Pacific coast, the writer found a great deal 
of confusion existing in the use of the terra 
agar. There is also raisinforraalion about 
the sources of agar. The confusion is mostly 
due to the fact that the word **agar^’ or 
^'agar-agar'' was originally the Malay name 
for certain East Indian red algae, but is now 
almost exclusively used in science to desig- 
nate the dried gelatinous extract derived 
from other seaweeds and produced princi- 
pally in Japan. Thus, contemporary scien- 
tists writing on agar as we understand it 
nowadays not infrequently quote facts con- 
cerning agar as the word was used originally. 
Therefore, in order to avoid further confu- 
sion in this matter, it is necessary to stand- 
ardize the application of the word ‘^agar,^' 
restricting its use only to the dried extract. 
For the sake of simplicity the word “agar- 
phyte^' is here suggested to apply to the sea- 
weeds used in its manufacture, instead of the 
is preferred to for the 

sake of siioplicity. The word is pronounoed in IJiCalay 
with, both in ^^arm.'^ To foUow the native 
Msdayan. torigu^ strictly the r should be ptonotineed 
like that in German^ Ih this paper, whenever the 
word agar ref^ to the original Malay meaning, it 
5® italicized. 


more elabonile eombimitions of words such 
as *‘agar-beariiig seaweeds,’’ *^agar-]>roduc- 
iug seaweeds,” and “agariferous seaweeds.” 

The Original Agar, The original Malay 
word, agar or agar-agar, applies to cer- 
tain eommon edible red algae, espeeially 
Eitcheuma mnricatnm f. dcpavperala 
cheuma spinosum) of the Dntcdi East Indies, 
but is used indiscriminately for other species 
of the same genus. Eueheima mnricatnm 
has been exported as agar-agar from the 
Dutch Indies to China for more than a cen- 
tury. It is quite eommon on Chinese mar- 
kets, known under the popular name Chilin- 
meaning ‘^Unicorn Vegetable.” Quite 
erroneously, most authors have assignecl the 
name agar-agar” ])rineipally to Gracilaria 
lichen aides j which, to the knowledge of the 
writer, has never been used in China for 
making agar or in Ceylon where agar has 
never been made. 

Introduciion of Agar into Bacteriology, 
The introduction of agar into bacteriology 
has been discussed in detail by Hitchens and 
Leikinde. These authoi‘s credit the discovery 
of agar as a medium for bacteriological cul- 
ture to a housewife, Frau Franny Eil- 
shemius Hesse, who suggested to her hus- 
band, a bacteriologist, the use of agar-agar 
‘^which she had been using for years in her 
kitchen in the preparation of fruit and 
vegetable jellies.” This discovery was com- 
municated by Dr. Hesse to Robert Koch, 
^'probably late in 1881.” Because agar gel 
is relatively inert, is not liquefied by most 
bacteria, and remains in firm consistency at 
the incubation temperatures for the growth 
of various types of bacteria, at has helped 
greatly to advance the science of bsetori- 
ology. 

It is, of course, impossible now to deter- 
mine what was actually the agar-agar” 
which Frau Hesse and eventually Koch used 
in this important discovery. Hitchens and 
UeiWnde make this remark: While yet in 
Atnetica she had received the recipe from 
her mother j her mother in turn had obtained 
the formula from some Dutch friends who 
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had formerly lived in Java/’ From this 
note it may be reasonably inferred that the 
material used was the true East Indian agar- 
agar — ^the seaweed Euckeuma muricatum, 
rather than the dried extract from Japan. 

The writer has as yet no definite informa- 
tion as to when the Japanese preparation was 
exported to Europe in quantities, and when 
it began to be called by the Malay term. 
Prom evidences in the writings of botanists 
and chemists in the 19th century, it seems 
that the Japanese product was already 
known by the European scientists in the 
1860 ’s, that it was then a very rare article — 
probably not something which the house- 
wives could use in their kitchens — and that 
it still had no connection with the word agar, 
which was invariably used to designate cer- 
tain East Indian algae, especially Euckeuma 
spinosum. As late as 1893 the Japanese gov- 
ernment in the World’s Columbian Exposi- 
tion still called this Oelidium extract merely 

dried seaweed jelly,” instead of agar-agar 
as might be expected if it were already 
known by that name and exported as such in 
quantities to the Occidental countries. 

Modem Use of the Word Agar, At the 
beginning of the present century the Japa-, 


nese scientists, such as Yendo, had already 
called this peculiar Japanese product ^‘agar- 
agar.” Somehow, because of the persistence 
of the bacteriologists, the scientific world has 
generally accepted as agar, without further 
questioning into its origin, the dried gelati- 
nous Oelidium extract in the form of pow- 
ders, flakes, strips, or blocks from Japan, 
rather than the seaweed Euckeuma itself, 
the true agar-agar. Using the term as it is 
now generally accepted by scientific workers 
and dealers, we must give the seaweeds from 
which this peculiar extract is commercially 
prepared a separate name — ^“agarphyte” as 
proposed here — ^in order to avoid further 
confusion in the matter of terminology. 

Definition of agar. It is to be noted that 
the definitions of agar that have appeared 
in various contemporary standard works are 
partly incorrect and as a rule too vague, 
because they apply not only to agar but also 
to other red seaweed extracts, such as carra- 
geenin from Irish moss. Although our pres- 
ent knowledge of agar is still too incomplete 
to warrant a definition that would be ac- 
ceptable to all scientists, it is advisable that 

* Ah photographs eoiartesy IT. S. Eiph and Wild- 
life Ser^iee. 
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a revised definition be available. Siieli a 
definition should be broad enou^’h to inelnde 
produets most seieiitists woukl a»‘!*ee to eall 
af>*ar, but precise enouj»*h to differentiate it 
from closely related but definitely different 
products, such as carra^’eenin mentioned 
above. Therefore, the writer vimtures to 
offer the following* definition for agar: The 
dried amorphous, geJa, tin-like, non-nitroge- 
nous extract from Gelidnim and other red 
algae, being the sulfuric acid ester of a linear 
galactan, insoluble in cold but soluble in hot 
water, a dilute neutral solution (1 to 2 per- 
cent) of which sets, upon cooling, to a firm 
gel solidifying at 35° to 50° G., and melting 
at 90° to 100° C 


Agar Production and (Jonsumution 


There has been a good deal of misinforma- 
tion in the literature about the sources of 
agar. For instance, Tressler writes in 1923: 
^‘Most of the agar of commerce comes from 
Japan, China, Malaysia, Ceylon and neigh- 
boring coasts.” At that time none of these 
countries except Japan, of course, produced 
any commercial agar. One botanist makes 
the following remark in a })ublicalion in 
1917 : ^‘In the past agar-agar has been made 
principally in Germany from algae obtained 
from Japan.” To the writer^s knowledge 
Germany lias never produced any agar so 
far, although she has made a iiurified agar 
from the Japanese product. Such mislead- 
ing notes have been quoted again and again 
in current literature. 


Japan is most probably the first country 
to produce agar m its present form. There 
are several theories as to when the present 
method of agar manufacture involving freez- 
ing and thawing was discovered, and accord- 
ing to Horiuchi, the following four years 
have been suggested: 1647, 1655, 1658 and 
1688, Recently Chase reported, ‘‘The Chi- 
nese introduced it to Japan in A.D. 1662.” 
In a recent communication she wrote the 
writer that her information was based on an 
old Japanese encyclopedia. The confirma- 
tion of any of these theories will be of some 
historical interest. 


Japan is, and probably will always be, th 
agar pMduemg country, in view o 
. qi agarphyte's product o: 


her (extensive (‘oasl, her well established agar 
industry, h(*r low cost of production, and the 
appreeiation of agnr as food by her people. 
Agar is i>roilnced prineii)a,lly in the Osaka, 
Jlyogo, Kyoto, Nagano, Yamanashi and (Jifn 
prefectures where, the elimate is favorable 
for its inannfaeture by the old method. 
Some agar is also produeed in Karafnto 
(Saghalieii) where it is extraeteil from a 
different material by a different method. 
Aeeording to Ilorinehi in 1936, there were 
512 establishments witli a total onti)ut of 
679,918 kans or 5,622,921 lbs., worth 9,712,- 
497 yem, or about $2, 400, ()()(). The total ex- 
l)ort that year was 3,921,638 lbs., worth 
5,574,452 yon, or about J|>1,400,000. 

Up to the outbreak of wai* in 1937, China 
had a small agar iudnsti-y consisting of three 
factories located at Ningpo, Tsingtao and 
Chefoo. No pnblislied data were available as 
to their total auniial output. On the basis 
of information obtained from two of the 
firms and of the amount of agarphytes pro- 
dueed in China, the writer t'stimates the 
Chinese annual production at about 75,000 
lbs., which normally was worth about 200,000 
yuan, or approximately $50,000. 

The United Slates has been making agar 
lor about 28 yeai's. The annual pi’oilnetion 
has been very irregular, varying from 1,802 
lbs. (1934) to 44,895 lbs. (1930), ami in one 
exeeptional year (1925) was as much as 
117,773 lbs. ITntil 1941, when tin* domestic 
production was about 52, ()()() lbs., only one 
factc)?\v was actively engaged in making agar. 
The war has greatly stimulated the growth 
of this industry and now there are five con- 
cerns devoted to agar production, all located 
in southern California. The exp(‘cted annual 
output will total 200,000 to 250,000 lbs. 

In recent years Russia lias also paid much 
attention to tlie production of a-gar from 
local seaweeds. According to Kizevetter, 
Vladivostok and Arc'hangel each produced 
44,000 lbs. and Vladimir 33,000 lbs., making 
a total output of 121,000 lbs in 1936. Be- 
sides, Odessa in the Black Sea was reported 
to have produced 440,000 lbs. of “agaroid” 
in the same period. This substance is prob- 
ably of the nature of a seaweed gum similar 
to earrageenin. If, however, it proves to be 
a true agar as defined above, the Russian 
production in 1936 would have far exceeded 
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that of the United States even at the present 
rate of production. 

The agar industry in the Netherlands 
Indies is a recent one. There were reported 
to be two factories in 1938. The total out- 
put was not known. At present both Aus- 
tralia and New Zealand are very actively 
investigating their agar resources. Eecently 
Wood reports that an Australian firm is 
producing its own requirements for meat 
canning and that others will be making 
^‘agar” soon. This “agar” is undoubtedly 


United States in 1942, a small factory with 
a capacity of a ton of dry Gelidhim per 
month is alreadj^ in operation, and a larger 
one is being built. 

On the basis of these data and information 
the writer estimates the world production of 
agar at six million pounds per annum of 
which 90 to 95 percent is made in Japan. 

Japan also leads the world in the consump- 
tion of agar. According to Horiuehi, out of 
the total production of 2,207,378 lbs. in 1902, 
366,542 lbs., or 16.6 percent, were consumed 



HAULING IN A BASKETFUL OF GELIDITIM WEIGHING ABOUT 65 POUNDS 


in the form of a gel which is directly used 
ill canning without passing through the 
freezing-thawing-drying processes, as the 
same author remarks, “no dried agar has yet 
been produced.” Information reaching the 
writer reveals that South Africa has a rich 
natural resource of Gehdium and other 
agarphytes, still untapped, and enough to 
develop a great agar industry. A firm at 
Capetown was reported to have produced 
some agar-gel which was used directly in 
making confectionery. Perhaps those coun- 
tries are producing some true agar by now. 
In Baja California, Mexico, from which came 
the majority of the Gelidmm used in the 


in that country. In 1936, while the produc- 
tion increased 2.6 times to 5,622,921 lbs., the 
consumption increased even more signifi- 
cantly by 5,7 times to 2,112,736 lbs., consti- 
tuting 37.6 percent of the total production 
and about 0.35 ounces per capita. Agar con- 
sumption in China used to be over a million 
pounds per annum up to the early part of 
this century. Of the total Japanese export 
of 1,767,528 lbs. in 1906, 1,284,633 lbs., or 
about 73 percent, went to China and Hong 
Kong. In recent years, because of the enor- 
mous increase of price of agar, because of 
some local production, and because of the 
strained relation between China and Japan, 
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the Japanese agar export to China has de- 
clined drastically. In 1938 China, including 
Hong Kong, imported only 109,592 lbs. Nor- 
mally China would consume at least six to 
eight hundred thousand pounds annually 
for food alone. 

The United States imports of Japanese 
agar during the last few years before the out- 
break of war fluctuated between 500,000 and 

700.000 lbs. In 1941, besides making 52,000 
lbs., she imported 565,059 lbs. from Japan 
and 32,413 lbs. from China. According to 
Kizevetter, Russian consumption is about 

660.000 lbs. per annum. In 1938 Germany 
imported 596,239 lbs., France 442,225 lbs., 
England 294,329 lbs., Dutch East Indies 
162,393 lbs., Australia 144,571 lbs. and Strait 
Settlements 58,520 lbs., all from Japan 
These imports represented, presumably, also 
the amounts consumed by these countries. 
It is to be noted, however, that the Dutch 
East Indies and the Strait Settlements have 
long been using a large quantity of local sea- 
weeds to prepare their own agar gel. 


f 
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Uses of Agar in Medicine and Science 

Agar originally was used in making jelly 
and certain food preparations in the Orient. 
Since 1882, when it was first introduced into 
bacteriology, its technical uses have in- 
creased enormously. 

As Mwrohiological Culture Medium. This 
is the most important use of agar, so far as 
human welfare is concerned, although the 
quantity of agar actually employed in this 
way constitutes only a minor portion of the 
total. Undoubtedly agar has received more 
respect and honor in this service than in all 
the others put together. Its chief value as a 
culture medium lies in the firm coiibisteiicy 
of its gel at incubation temperatures for the 
growth of bacteria and other micro-organ- 
isms, and in its inertness towards most 
bacteria. These were the two mam reasons 
which motivated bacteriologists in the latter 
part of the last century to prefer agar to 
gelatin as a culture medium. Agar is also 
remarkable for melting at about 95° C. and 
solidifying at about 40° C. Because it re- 
mains liquid when cooled to 42° C., organ- 
isms may be thoroughly mixed with it at a 
temperature that does not injure them; on 
the other hand, once it gelifies, it will remain 
firm at about the same temperature, usually 
37° 0., at which the pathogenic forms are 
generally incubated. The reversibility of 
the agar gel enables the operator alternately 
to warm it into the sol state and cool it into 
the gel state. Its firm, rubbery surface is not 
easily ruptured when organisms are streaked 
across it by needle. Pure agar gel is nearly 
transparent and neutral in reaction. All 
these unique characteristics of agar make it 
yinexcelled as a bacteriological medium. It 
is also widely used in the preparation of 
semi-solid media. Having a ten times greater 
jellifying power than gelatin, it is a much 
cheaper material to use Nowadays, not only 
bacteriologists, but also other microbiologists, 
as well as scientists working on pure culture 
Uf« history of fun«h algi oj ;”. 
orchids, have to depend greatly on agar 
media. 

As Laxative. The popular use of agar as a 
laxative is based on its ability to absorb and 
hold water, becoming at the same time a 
labrieanrt and a mild stimulant. For this 
purpose it may be taken in various ways—— 
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PRINCIPAL AMERICAN AGARPHYTE 
A FEMALE PLANT OF Gelidium cartilagineum, 

with cream and sugar, or in special choco- 
late-coated preparations, or as a mineral-oil 
emulsion. Merck Index remarks that ^ ^un- 
like drug cathartics, it is not habit-forming, 
and does not lose its efBciency or require 
increasingly larger doses. According to 
Chase, quoting Caravaggi and Manfredi, 
agar also contains certain laxative and pur- 
gative principles which act uniquely on the 
intestine by exciting peristalsis without af- 
fecting the functions of the stomach or the 
duodenum. 

In Dental Impression Mold. In dental 
work agar has proved to be the best material 
for making impression mold. Although ma- 
terials made of algin are recently being used 
to take the place of agar, dentists mostly 
agree that, if the latter were available, they 
would go back to it. The value of agar gel 
lies in its having a long temperature lag be- 
tween liquefying and hardening, which fac- 
tor is very important in this kind of work. 
For this purpose generally a very concen- 
trated agar gel is used to which a dye and a 
disinfectant are added. In using it a small 
portion of the preparation is heated to he- 
come a fluid, cooled down to about roopi tan.-- 


‘‘HAIR AGAR’^ 

AN ASEXUAL PLANT OF Gelidtum nudifrons, 

perature, placed in the tooth socket or in the 
oral cavity, cooled thoroughly, and upon 
solidification the wanted impression is ob- 
tained. 

Other Medical Uses. Agar has long been 
used to stabilize an emulsion to carry vita- 
mins and other item^ like acidophilus milk. 
It has also served in wound dressing on ac- 
count of its inhibitory action on blood-clot- 
ting. Used in a preparation applied beneath 
the bandage, it helps to quicken the healing 
process. Glycerine suppositories have been 
made with agar as a vehicle. In obesity it is 
said to be useful. According to Mefck Index 
it is also used in glycerine jelly for chapped 
hands and in prosthetic work in surgery. 

Agar as Food 

As Food in the Orient. Agar has been and 
is used as a food in a great variety of ways 
in China and Japan. It should be noted, 
however, that agar has little nutritive -vulue. 
A ‘^food’* in an Oriental sense ^ay not 
necessarily be nourishing. Only 
^eipal foods, like rice, need have nuMtive 
value. The complementary foodf^ ^stieh as 
,a@ar^ may be merely a^petirog. the 
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early part of this century China had been 
importing from Japan annually over a mil- 
lion pounds of this commodity entirely for 
food. It is frequently served as a substitute 
for the expensive birds’ nests. For this pur- 
pose the best grade of agar, which will not 
dissolve too readily in the hot soups, has to 
be used. It is also used in a special kind of 
“cold dish”; the agar strips are cut into 
smaller pieces, washed by soaking in cold 
water, placed in hot water, taken out before 
they show any signs of going into solution, 
and then mixed up with some good grade of 
soya sauce, some black vinegar and some- 
times a few other ingredients such as red 
pepper. In Japan, agar is also cooked with 
rice, and with seasoning it forms an “agar- 
rice.” Sweetened and flavored agar-gel is a 
favorite “cool diet” in the summer in hot 
countries such as South China and Malaya. 

As a Food Adjunct. In recent years agar 
has been used extensively as an adjunct in 
various food preparations. Generally speak- 
ing it serves as a substitute for gelatin where 
the latter, for one reason or another, is un- 
suitable; it has also proved to be very eco- 
nomical, since, on account of its high gel 


strength, a relatively small amount is needed. 
It is used in confectionery throiighout the 
world wherever agar is known. The confec- 
tioner can make a healthful jelly candy with 
less sugar by using agar in about half to one 
percent solution. In the preparation of 
drinks, such as malted milk, :t provides a 
healthful body and acts as a stabilizer. 
Added to bread and pastries it helps to keep 
them from drying out, on account of its 
moisture retaining ability. 

In the manufacture of frozen dairy prod- 
ucts, agar has been most successfully used in 
sherbets and water-ices. It makes them 
smooth and prevents the drainage of un- 
frozen sirup out of them in the hardening 
room. Unlike gelatin, it acts quickly, and 
aging of products containing agar as the 
stabilizer is unnecessary. It malring 
cream it also imparts a smoother texture to 
the preparation. The use of agar has helped 
to make a firmer bodied cheese of improved 
slicing qualities. Desserts and salad jellies 
made with agar have the distinctive advan- 
tage of setting rapidly and certainly, even in 
very warm climates. Being uuassimilable 
and having high water absorbing capacity, 
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it is an excellent roughage, recently used ex- 
tensively in many breakfast and health^’ 
foods. 

I7i Meat and Fish Canning, In terms of 
agar consumption per capita, Australia is 
second only to Japan, using about fifteen 
hundred thousand pounds, or about 0.25 
ounces per person per annum. The major 
part of this agar is said to be employed in 
meat and fish canning. It helps to keep the 
softer types of meat and fish from falling 
apart. Its ability to retain its gelatinizing 
power in a greater extent than animal gela- 
tin, after subjection to the high temperature 
necessary in processing these foods, makes it 
superb for this particular purpose. New 
Zealand normally uses thirteen tons per 
annum for canning sheep’s tongues. It is 
the writer’s conviction that the use of agar 
in meat and fish canning will become more 
and more popular in the years to come. At 
present it is not being utilized in this way in 
this country as much as it should be. 

In Meat and Fish Preservation, Agar pro- 
vides a rather simple but effective way of 
temporarily preserving easily spoiled food- 
stuffs like meat and fish. It is especially 
recommended for hot countries where re- 
frigeration is not available. The meat to be 
preserved is cooked with some agar and the 
resulting meat-gel will remain wholesome for 
quite a long time. The agar is not attacked 
by most putrefying bacteria, and thus it 
helps to prevent the entrance of oxygen and 
bacteria which will otherwise spoil the meat. 

Agar in Industries 

In early days agar was extensively used in 
oriental industry in fabric sizing and in 
rendering rice paper more durable. It was 
also employed in making waterproof paper 
and cloth, which were used in China to wrap 
expensive porcelains and bronzes for export- 
ing to Europe. In other countries such 
waterproof wrappings also served to pre- 
vent corrosion of munitions. 

At present agar is still being used in the 
textile industry, but only in silk sizing and in 
the warp of silk. In the modern paper in- 
dustry agar is utilized to some extent as a 
paper coating to impart r^istanee to the 
penetration of resin, wax and grease. It is 
used to make the gelatinous rolls in hecto- 


graph duplicators. In the tanning industry, 
it serves to impart a gloss and stiffness to 
leather in the finishing process. It is em- 
ployed as an ingredient of calcimine and shoe 
stains. Occasionally it is also used in the 
making of molds required by workers in 
plaster of Paris. 

Agar also renders its services to agricul- 
ture as a supplement in nicotine sprays for 
insect pest control. In the cosmetic industry 
agar is used as the base of certain non-grease 
preparations, shaving soaps and hand lo- 
tions. It is also employed as a binder in cer- 
tain dentifrices. The least expected, but im- 
portant, use of agar is in the electrical lamp 
industry. In the hot drawing of tungsten 
wire, a lubricant is necessary to facilitate the 
drawing operations and reduce the wear on 
the die. Westinghouse uses a lubricant made 
of homogeneous suspension of powdered 
graphite in agar gel. In Japan, agar is also 
employed in making electric lamp shades. 

Among the recently discovered promising 
uses of agar is its application in making pho- 
tographic plates and films. Actually, more 
than twenty years ago patents were already 
issued in Germany covering such use of agar. 
That agar was not extensively used for this 
purpose was due to the fact that certain 
chemicals present in gelatin, but not occur- 
ring in agar, were necessary in making the 
sensitive emulsion. Recently it was found 
that these substances could be successfully 
added to agar. With this problem solved, 
agar is said to be superior to gelatin for pho- 
tographic films because an agar film need be 
only one eighth the thickness of a gelatin 
film, is less soluble in water, does not melt in 
the tropical heat, and is cheaper. One firm is 
said to assert that agar is a better substance 
for supporting sensitized emulsion than any 
similar material now on the market. 

There axe undoubtedly many more uses of 
agar of which the writer is not aware and the 
number of its uses is expected to increase. 
At present no published data are available as 
to the amounts of agar used annually for the 
above mentioned purposes. According tp in-r 
formation from agar dealers an^d 
other sources, the 650,000 lbs, of 
annually in the United States befptp‘:fte mr 
were distributed apprp?dmitei£,%fer'^f^^a; 
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Laxative 100,000 

Microbiological culture medium 100,000 

Bakery . . - 100,000 

Confectionery . 100,000 

Dental impression mold 75,000 

Meat packing 50,000 

Emulsifier 50,000 

Cosmetic 25,000 

Miscellaneous . . 50,000 


Kinds and Sources of Agarphytes 

There is a good deal of misinformation re- 
garding the different kinds of commercial 
agarphytes and their geographical sources. 
Oracilaria lichenoides {:= Sphaerococcus li- 
chenoides j Plocaria Candida), which has un- 
doubtedly been mentioned the most fre- 
quently by writers reporting on agarphytes, 
is actually a very unimportant and negli- 
gible source for commercial agar. Another 
commonly cited plant for making agar is 
Gloiopeltis tenax (= Sphaerococcus tenax, 
Plocaria tenax, Oigartina tenax, Oracilaria 
tenax) . It has never been used for this pur- 
pose. The genus Oigartina has been credited 
with a share in agar manufacture ; again, not 
a single species has ever been commercially 
utilized iin this manner, so far. The ‘‘Gel- 
idium corneum,’* supposed to be the prin- 
cipal agarphyte, is still a taxonomic mystery 
ranaining to be solved ,* it should be removed 
from the list of agarphytes until its true 
identity is revealed. According to Kizevet- 
ter and others, PhyUophora miens is used in 
making ^‘agaroid,” which may not be a true 
agar, and is therefore excluded at presen'**. 

The list of agarphytes is certainly a 



AGAR-PRODXJOING SEAWEED 
Graoilana eonfervoides from san diego bay. 

lengthy one. There are, however, only a 
few which can be said to be the principal 
sources of agar: Oelidinm Amansii, 0. carfi- 
lagineimi, and Ahnfeltia plicata. Besides 
these there are about forty other red alga(s 
most of which are used merely as su])ple- 
mentary materials to mix with the principal 
agarphyte in agar manufacture. The Amer- 
ican factories use almost exclusively Ocl- 
iditm cartilagineim (L.) Gaill. which forms 
the '^agarweed” of the commercial divers. 


I* ^ 



ELECTRIC WAVES— LONG AND SHORT 

By J. O. PERRINE 


Of all the tools of war and peace now do- 
ing valiant service, there is none more potent 
and versatile than the electric wave. In the 
past the natural sound waves of human 
speech and the natural light and heat waves 
of the sun and, of course, the water waves of 
the seven seas were the principal waves which 
touched life. Prior to the nineteenth century 
artificially made electric and sound waves 
played a minor role in peace and war. To- 
day waves of many kinds — ^long waves, short 
waves, and microwaves of sound, heat, light, 
and electricity — engage the efforts of scien- 
tific workers of university' and industrial 
laboratories. 

These waves make new environments for 
all people. The word ^‘wave’’ itself has a 
place in the vocabulary of laymen as never 
before. Waves have become more and more 
a commonplace in peace times. In 1943 
waves, particularly artificial electric waves, 
w'ent to war. 

Electric AVaves of Many Lengths 

For the needs of home and industry and on 
the war front, long electric waves carry large 
amounts of power for heat, light, and 
machines. The sixty cycles per second wave 
guided by the high tension lines of the power 
engineer is five million meters long. Ex- 
pressed in English units, it is 5,468,000 yards 
long. 

Likewise, for the needs of home and indus- 
try and for the conduct of the war, a great 
array of electric waves bearing small amounts 
of power are used in the communication sys- 
tems in all parts of the world. Each day mil- 
lions of messages are borne by both the 
guided and unguided waves of telegraph, 
telephone, and radio. In general the radio 
weaves in these day-to-day practical fields 
range from five meters to thirty thousand 
meters in length, and up to one million meters 
for speech waves and telegraph waves on 
wires. Those waves sometimes referred to 
over the radio as short waves and used for 
transoceanic communication, range from 
about five meters to about twenty meters. 


Standard broadcasting uses waves from five 
hundred and fifty meters to sixteen hundred 
meters. 

At the other end of the gamut of electric 
waves are the micro-microscopic waves of X- 
rays and those emitted by radium, called 
gamma rays, both of which may heal the 
wounds of man and give information con- 
cerning the nature of the physical world in 
which he lives. The shortest waves that have 
been found by the inquisitive mind of man 
are not the very short waves of X-rays and 
radium but rather those known as secondary 
cosmic rays. Contrasted to the sixty cycles 
per second (in some cases ttventy-five) and 
the five million meter wave of the power 
engineer, the secondary cosmic rays have fre- 
quencies as high as one million million mil- 
lion cycles per second and wavelengths as 
near the nadir of nothingness as .000,000,000,- 
000,3 millimeter. 

Octaves of Waves 

In the realm of vibrations, the octave is the 
well-established term used to indicate a fre- 
quency which is twice greater than some 
other frequency. The term is usually applied 
to the sound vibrations of music in which a 
note having twice the frequency of another 
is said to be an octave above it in pitch. On 
the piano there are about seven octaves, 
thirty-two to 4,096 vibrations per second ; 32, 
64, 128, 256 and so on to 4,096. Although 
the octave denotes a one hundred percent 
change in pitch, the higher note of a pair of 
semi-tones, anywhere within the octave of 
the musical scale, is six percent greater in 
frequency than the low^r note. The human 
ear can hear frequenci^ from about sixteen 
to eighteen thousand, a range of ten octaves. 
Using this concept of (i(i|ave to help appreci- 
ate the amazing breadth of the array of elec- 
tric waves known to we find the gamut 
of electric waves, long iaid short, to be" about 
eighty octaves. ' ; 

' ' ' U i 

. . A ''F amttw of UtECTRic Waves 

It was a great of imagination whep 
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THIS VACUUM TUBE OSCILLATES AT 
740 MILLION CYCLES PER SECOND 
WA-VBLENGTH 40 OM. 2J INCHES IN DIAMETER. 


man first regarded a wide variety of seem- 
ingly different kinds of waves as examples 
of one great category, the electromagnetic. 
Visible light, ultraviolet waves, infrared 
waves, heat waves, electric waves. X-rays, 
radium rays, and secondary cosmic rays are, 
after much study and reflection, regarded 
^ waves of the same kind. Their distinguish- 
ing physical characteristics are wavelength 
and frequency of vibration. Their origins 
are different, their capabilities are different, 
their uses are different, but all are members 
of the same family. 

An outstanding property of all the waves 
of the electromagnetic family is their amaz- 
ing swiftness of flight. No other kind of 
^ves, no projectile, vehicle, or moving thing 
in the entire universe travels so fast, namely, 
one hundred and eighty-six thousand miles 
(three hundred million meters) per second. 
The telephone, the telegraph, the radio, tele- 
vi^n, the radar, the X-ray, the camera— all 
do their tasks so marvelously because of the 
incredible speed of electric waves. A poet 
wrote many years ago about the telegraph: 

Tl» eteetrie aMve whiose witotaneotis thrill makee 
mxt door seighbors of the a*%odes. 

IstSlMnSD And TTlma axhtot ■tct' 

Thfe hAckground and he^ for our compre- 
hwdve ooneept of electromagnetic waves be- 
gw about hSOO. At that time, as for centu- 
pag be fiQre and cmtttries to cOme, the visible 
as seen in the rainbow was and ever 


will be a thing of sublime beauty. By the 
simple means of a triangular glass iirisni, 
sunlight can be readily split into several col- 
ors This artificial experiment provided an 
explanation and luiderstandiug of the nat- 
ural rainbow. Newton made that great con- 
tribution in 1666. We now know that the 
colors of the rainbow extending from red 
light to violet cover only a single octave of 
vibrations, namely, three hundred and sev- 
enty-five million million to seven hundred 
and fifty million million. In wavelength, 
visible light varies from .0008 millimeter in 
the red to .0004 millimeter in the violet. It 
is surprising and stirring that this one octave 
makes possible so much beauty of tint and 
shade. One octave of sound would surely 
not be enough for a Beethoven or a McDowell. 

In 1800, the elder Ilerschel repeated the 
experiment of Newton. But he did more 
than merely repeat an experiment. He 
obeyed an impulse to try something new. He 
held a thermometer in the streaks of eolov 
streaming out of the face of the prism upon 
a wrhite cardboard to find out about the rela- 
tive amounts of heat. He discovered the vio- 
let to be the coolest and the red to be hotter. 
But the drama does not sto]) there. lie was 
happily surprised to find that his ther- 
mometer indicated still higher teiiiperatiii’es 
ill a region outside the baud of visible light 
and adjacent -to the red rays. The invisible 
longer rays were called infrared rays. Here 
was a totally unexpected epoch-making <li,s- 
eovery — not all of the spectrum of waves in 
sunlight was visible. 

Soon afterward another invisible extension 
of the spectrum was discovered outside the 
angle of emergence of the violet light. It 
was called the ultraviolet. It is a surprising 
fact that only a small portion of the sun’s 
radiation is in the visible spectrum ; most of 
it is invisible. The infrared extends about 
seventeen octaves below and the ultraviolet 
about six octaves above the sides of the one 
octave of visible colors. 

Light Waves Are Electeomaonetic 

No further additions were made to the 
radiation spectrum for half a century. It is 
likely, furthermore, that the existence of 
Other waves was not even suspected. How- 
ever, in 1866 there occurred a most signifi- 
CRttt episode in the sa^a of waves. Clerk 
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Maxwell, a Scoth mathematician and natural 
philosopher (now called a physicist) working 
at Cambridge University, England, made the 
first great sortie of speculation regarding 
visible light- and its two neighbors, the in- 
frared and the ultraviolet. He proposed 
that these three radiations, generally called 
light, were electromagnetic in character. 
Electricity and magnetism were then, and 
are now, fertile subjects for theory and ex- 
perimentation. Magnets and electric charges 
had been found to have regions of distur- 
bance about them, fields of influence extend- 
ing into space. To Maxwell and his prede- 
cessor, Faraday, the fundamental reality was 
neither the physical piece of iron called a 
magnet nor the electrically charged metal 
sphere. The real crux of the phenomenon 
was the regions of space around the magnet, 
on the one hand, and around the charged 
sphere, on the other hand. There was a sort 
of radiation field of influence present in each 
ease. The fields were quite distinctly differ- 
ent in character, one magnetic and the other 
electric, detectable by intrinsically different 
techniques. There was a suggestion of waves 
in these fields. With much observation, 
meditation, and mathematics, Maxwell sug- 
gested that electromagnetic waves might ex- 
ist and, furthermore, that light waves were 
really electromagnetic in character. He 
made the scintillating prediction that electro- 
magnetic waves, longer than the infrared, 
might be produced artificially and that they 
might be detected by distinctively electro- 
magnetic means. 

Discovery of Radio Waves 

Twenty years later, in 1895, Heinrich 
Hertz, a German natural philosopher work- 
ing at Karlsruhe with simple apparatus and 
electrical arrangements, produced and trans- 
mitted electric waves, and proved he had 
done so by receiving and detecting them with 
electrical apparatus. Hertz had brilliantly 
confirmed the startling prediction of Max- 
well. Hertzian waves were sent through 
space fifty feet without wires. Their wave- 
length was fifteen feet corresponding to sixty 
million cycles per second. It was indeed an 
important milestone in scientific history, the 
peer of any political or military episode. It 
is interesting that the first electric waves 



ELECTRON TUBE FOR THE PRODUC- 
TION OP 2000 MILLION CYCLES A SECOND 

WAVELENGTH 15 CM. 2 INCHES IN DIAMETER. 

ever produced were short waves, as we think 
of them today. Hertz later produced ultra- 
short waves of five hundred million cycles 
and twenty-four inches (600 millimeters) in 
length. 

Heat Waves Meet Electric Waves 

Maxwell and Hertz, combining great 
analytical talent and experimental skill, had 
erected a great amphitheatre of knowledge 
out of which opened many doors. The elec- 
tromagnetic spectrum became a fertile and 
challenging field of research. There were the 
natural means of short-wave production such 
as the sun, glowing embers, and the ordinary 
flame. By artificial means, long electric 
waves could be produced. The provocative 
question was, could all wave-lengths and fre- 
quencies be produced? Could waves be 
made by electrical means so short that they 
might even be called heat waves f Could 
heat waves be made so long that they might 
be called electric waves? It was a thrilling 
search for electromagnetic waves of inter- 
mediate length to bridge the gap between 
Hertzian waves and the longer infrared 
light waves. For several years the short 
electric wave record was held by Bose, of 
India, who produced and measured electric 
waves 75,000 million cycles per second and 
four millimeters loug. The electrical vibra- 
tion frontier ipoved forward slowly. To at- 
tain waves millimeter in length required 
another tweity y^^ of 'r^se^reh.^ 
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small wavelength of .22 millimeter and heat 
waves .42 millimeter were produced. Shortly 
afterward Arkadiew^a, in Russia, succeeded 
in producing electric waves .08 millimeter 
long. Through the years scientists had the 
will, the brains, and the skillful techniques 
to fill out the spectrum between heat waves 
and electric waves. Their success was of 
great practical value as well as a notable 
scientific achievement. 

Today Hertzian waves, radio waves, or 
electric waves, by whatever name one wishes* 
to call them — one may always properly call 
them electromagnetic waves — are produced 
by laboratory means over a range of twenty- 
five octaves. In this broad span, many times 
the visible spectrum in length, these waves 
vary from about thirty kilometers (one kilo- 
meter equals .62 miles) to .1 millimeter 
(twenty-five millimeters equal one inch). 
Expressed in vibrations, this would be a 
range of ten thousand cycles per second to 
three million million cycles per second. 


During the same interval of about twenty 
years following Hertz, similar progress was 
being made in the discovery of long heat 
waves. At firs.t progress was rapid. By 
1900, far infrared frequencies of roughly 
three million million cycles and one-tenth 
millimeter in length had been attained. 

In 1910, E. P. Nichols, then of Columbia 
University, made notable progress by produc- 
ing and measuring long heat waves of four- 
tenth-millimeter, He used sensitive thermo- 
couples (electrical thermometers as detec- 
tors). The same method, but with cruder in- 
struments, had been used by the elder Her- 
schel a century before. 

The gap between four millimeters and 
four-tenth millimeter does not seem to be a 
wide gap. It is over three octaves, however, 
over three times as wide as the entire visible 
spectrum. This unexplored gap resisted all 
efforts to bridge it for another decade. 

The final bridging of the gap came in 1924. 
Again Prof^or Nichols and his co-worker, 
Dr. Tear, succeeded in exuding both fron- 
tiers. Longer heat waves were produced and 
measured, and shorter electric waves were 
produced and measured. The gap was not 
mly bridged but also overlapped about an 
octave, Electric waves of the amazingly 


X-Rays 

The thrilling achievement of the produc- 
tion of all electromagnetic waves of greater 
wavelength than red light is matched by the 
success in electromagnetic wave production 
in the region shorter than the violet light. As 
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has been stated, the nltraviolet region covers 
about six octaves of waves shorter than the 
violet. The longest ultraviolet wave is about 
.0004 millimeter and the shortest is about 
.000,003 millimeter. 

In 1895 Roentgen discovered a ‘^new kind 
of light, ’ ’ a hitherto unimagined and unpre- 
dicted kind of radiation. He was experi- 
menting with the action of electricity in 
vacuum tubes. Much was known about the 
general behavior of electricity, how it served 
man, how it performed certain tasks, but not 
much was known about electricity itself. 
The passage of electricity through wires and 
liquids gave no clue as to its real nature. 
However, the visible effects disclosed when it 
was sent through various gases in vacuum 
tubes gave promise of finding out its intrinsic 
character. The situation was prophetically 
and elegantly described by Sir J. J. Thom- 
son in 1893 : 

The phenomena attending the electric discharge 
through gases are so beautiful and varied that they 
have attracted the attention of numerous observers. 
The attention given to these phenomena is not, how- 
ever, due so much to the beauty of the experiments 
as to the widespread conviction that there is per- 
haps no other branch of physics which affords ns so 
promising an opportunity of penetrating the secret 
of electricity; for while the passage of this agent 
through a metal or an electrolyte is invisible, that 
through a gas is accompanied by the most brilliantly 
luminous effects, which in many cases are so much 
influenced by changes in the conditions of the dis- 
charge as to give us many opportunities of testing 
any view we may take of the nature of electricity, 
of the electric discharge, and of the relation between 
electricity and matter. 

In tune with the J. J. Thomson philosophy, 
Roentgen had been working with a Crookes 
tube, a form of vacuum tube containing gas 
at low pressure. Carefully covered photog- 
raphic plates were found to be blackened 
when accidentally left lying near Roentgen’s 
apparatus. Not knowing what the radiation 
was, he called them, probably as a result of 
his studying algebra in his school days, X- 
rays, unknown rays. i 

These X-rays penetrated and passed 
through wood, paper, fiesh, and many mate- 
rials opaque to visible light. It was natural 
to think of them as a ‘‘new kind of light.” 
It was believed that they were electromag- 
netic waves, since Maxwell’s suggestion that 
light waves were electromagnetic and his pre- 
diction, substantiated by Hertz’s experi- 


ments, that longer waves could exist, had 
been generally accepted. If X-rays were a 
kind of light wave, then they should exhibit 
one of the simplest phenomena of light, 
namely reflection. All attempts to reflect 
X-rays failed and continued to fail for seven- 
teen years. Then the brilliant flight of 
imagination of another physicist, Laue by 
name, gave a clue as to the reason for failure. 
He suggested X-rays were many-fold shorter 
than visible light. All the reflecting surfaces 
that had been used were literally too rough. 
For sound waves several feet long, a brick 
wall, layer upon layer of brick with mortar 
between, is relatively a smooth surface and so 
sound echoes result. For very short light 
waves, .0004 millimeter in length, the layers 
of brick and their intervening strips of 
mortar are too rough for regular reflection. 
One must have a highly polished surface. 
According to this principle, Laue said X-rays 
are so very short that even the most highly 
polished mirror attainable was still too rough. 

In the intervening years atoms and mole- 
cules, the beautifully symmetrical crystals 
of rock salt, quartz, and other materials had 
been the subject of many researches. Laue 
therefore further suggested that the atoms in 
crystals might stand in rank and file like the 
bricks in a brick wall, however, with no 
mortar between them. Since they were so 
small themselves their rank and file, their 
facade, not the outside surface of the crystal 
but the facade of the atoms within the 
crystals, would be smooth enough and regu- 
lar enough to reflect X-rays. 

In 1912 the first experiments to test this 
conjecture were tried. From the very begin- 
ning they were a brilliant success. A great 
scientist’s brilliant speculation had brought 
a great advance. X-rays falling on crystals 
were reflected. Furthermore, they were dif- 
fracted, that is, bent around super-sharp 
corners as are water waves around the end 
of a pier. For many years X-rays had been 
a sort of seientiflc waif, with an anomalous 
given name, ‘ ‘ a pulse in the ether. ’ ’ In 1912 
they were given a surname, Electromagnetic 
Wave. X-rays became a member , of the fam- 
ily of light, heat, and radio waves. - 
wavelengths had become me^uraMe as 
predicted, were found be 
.those of ultraviolet 
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trating ones known as soft X-rays are about 
.000,000,4 millimeter. Diagnostic and thera- 
peutic X-rays, more penetrating, or “hard,” 
range from .000,000,1 millimeter to .000,- 
000,01 millimeter. As other gaps have been 
closed, so the gap between X-rays and ultra- 
violet light has been successfully bridged. 
In fact, the longest X-rays have not only met 
the shortest ultraviolet but have also substan- 
tially overlapped. X-radiation covers about 
ten octaves. 

The cases of radio waves and X-rays pre- 
sent an interesting contrast. Eadio waves 
were predicted twenty years before they 
were found to exist, 1866 (Maxwell) — 1886 
(Hertz). X-rays were experimentally pro- 
duced seventeen years before their real iden- 
tity and character were understood, 1895 
(Eoentgen) — 1912 (Lane). 

It is particularly interesting that although 
crystals were used to study X-rays at the 
start, in later days X-rays were used to 
study crystals. These researches have pene- 
trated crystals and determined the group- 
ings of the atoms of which they are com- 
posed, the distances between their atoms, and 
the directions they are located one from an- 
other. 

Gamima Eays 

Radio waves of useful character and 
X-rays are splendid examples of the ability 
of man to produce waves which are not made 
in nature’s workshop. These two groups of 
waves of wridely different wavelengths are 
entirely artificial. Imagination and con- 
structive skill have produced important elec- 
tromagnetic radiations that nature does not 
manufacture. One might argue that light- 
ning flashes are accompanied by radio waves 
and that nature does, therefore, manufacture 
static radio waves. But at least useful radio 
waves and electricity as a tractable and ser- 
viceable agent are not part of nature’s 
bounty. Useful X-rays, then, are strictly 
artificial; they are not produced anywhere 
in nature and are not the accompaniment of 
any natural phenomenon. 

However, nature do^ manufacture elec- 
tromagnetic waves similar to X-rays but cou- 
^erablj shorter. These waves are called 

They were discovered, inter- 
' only one year later Iban 


X-rays. In 1896, Becquerel observed the 
phenomenon of radioactivity, a field in which 
Madame and Pierre Curie carried out bril- 
liant researches and discovered and isolated 
the principal exhibitor of radioactivity, 
radium. In the process of radioactivity, 
there is a spontaneous breaking down of 
matter, an atomic volcanic action. Accom- 
panying the disintegration of heavier atoms 
into simpler and lighter atoms, the gamma 
ray, a different “kind of light,” is emitted. 
Since ordinary light accompanies the rapid 
vibration and scurrying about of atoms iu 
incandescent lamp filaments and glowing 
metal and heated objects in general, it is not 
surprising that during an atomic explosion 
there should be some sort of electromagnetic 
radiation. The gamma rays are super-short 
and are readily detected and measured. 
Their wavelength is in the neighborhood of 
.000,000,003 millimeter and covers a range of 
about eight octaves. The X-ray spectrum 
and the gamma ray spectrum overlap in the 
region of the shorter X-rays. The thera- 
peutic effect of radium involves the gamma 
rays, which are generally comparable in 
wavelength to the shortest of the thera- 
peutic X-rays. 

Secondary Cosmic Eays 

Finally in the field of electric waves, long 
and short, are the secondary cosmic rays. 
Their spectrum extends far out from the 
shortest gamma rays for some twelve or 
fifteen octaves. As has been stated, the fre- 
quency of the shortest radio wave capable 
of being manufactured is three million mil- 
lion cycles per second and a fraction of a 
m i llimeter in wavelength. The frequency 
of the secondary cosmic ray may be as high 
as a million million million million cycles per 
second, which corresponds to an incredibly 
small wavelength. 

Primary cosmic rays are apparently high- 
speed particles which come to our earth from 
the interstellar regions and perhaps from be- 
yond the borders of our Milky Way system. 
When they strike our atmosphere, secondary 
cosmic rays are produced. These latter rays 
possess great energy and are capable of pass- 
ing through several feet of lead. Eadio 
waves, long and short, travel long distances 
through air and pass through many mate- 
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rials. Heat waves, light waves, ultraviolet 
waves, X-rays, gamma rays — ^all penetrate 
various substances. The secondary cosmic 
rays, micro-micro waves, are the most pene- 
trating waves of all those yet discovered. 
They have been detected in the deepest 
mines and deepest lakes after having passed 
through hundreds of feet of rock and earth 
and water. 

The QuALiriEs op Electrio Waves 

Like the members of a human family, the 
members of the electromagnetic family ex- 
hibit widely varying qualities and capabili- 
ties. Different parts of the spectrum must 
be studied by different methods and with 
different apparatus. Different parts are use- 
ful for widely different purposes and some 
parts are not as yet used at all. The very 
long waves of the power engineer perform 
arduous tasks and do lots of work in home 
and industry. They are studied with meters 
to measure amperes, volts, and watts. Only 
one-fourth of the eighty octaves of the spec- 
trum are used in communication to carry 
code messages on the one hand and facsimiles 
of speech and music on the other hand. 
Sizable meters of various kinds are used in 
this field, too. In the radio region electrical 
resonance, or tuning, is the technique of re- 
ception and detection. The measuring in- 
struments are of the same type but not as 
large. As the shorter waves were mastered, 
a sudden and drastic change was necessary 
in the instrumentalities of study. In the far 
infrared, the thermometer, particularly the 
sensitive electrical thermometer, is the de- 
tecting device. In the near infrared, either a 
thermocouple or photography is used. Sev- 
eral methods are available for research in the 
visible spectrum, including human vision. 
But since the eye is unreliable for purposes 
of measurement, thermocouples and photo- 
electric cells, and most of all photographic 
plates, become necessary tools. For the ul- 
traviolet and X-rays, photography is com- 
monly used. 

The ultraviolet has sun-tanning and blis- 
tering effects and certain wavelengths have 
germicidal effects, but for quantitative study 
nothing else is quite so satisfactory as pho- 
tography. The ordinary photographic film 
is very sensitive to ultraviolet light; less 


sensitive to the blue-violet of the visible spec- 
trum ; and rather insensitive to the red. 

Some living organisms are not only bene- 
fited but also dependent upon light for 
growth ; others are killed by visible light and 
ultraviolet; some compounds will literally 
explode when light strikes them. The tissue 
of the human body is unaffected by radio 
broadcast waves but is warmed by infrared 
waves and is stimulated and even burned by 
light, ultraviolet waves, and X-rays. 

In addition to the many so-called practical 
uses of the waves of the electromagnetic spec- 
trum, a study of this spectrum has made pos- 
sible an outstanding contribution toward a 
further basic understanding of the world in 
which we live. The ever engaging and chal- 
lenging question has been, What is matter? 
Light waves, heat waves, infrared waves, 
X-rays, and all the other frequencies give 
clues as to the arrangement and motion of 
atoms and molecules and electrons. They 
are all tools which have supplied new and 
stimulating knowledge as to the intrinsic na- 
ture and architecture of matter. 

The qualities of gamma rays and cosmic 
rays are most reliably studied by means of 
the ionization chamber. When these rays 
penetrate a gas enclosed in a tube, that gas is 
made a conductor of electricity; the device is 
called an ionization chamber and becomes the 
instrument for measurement. 

X-rays and the gamma rays of that amaz- 
ing element radium are both remedial and 
dangerous. They destroy good tissue as well 
as diseased tissue and germs of every kind. 
The goal of the physicist and the biologist is 
to find the technique of measurement and 
dosage that will take more and more advan- 
tage of the fact that these radiations destroy 
diseased tissue a little faster than healthy 
tissue. 

All of the waves in the electromagnetic 
spectrum carry power. They are all forms 
of radiant energy. They are not of them- 
selves color, they are not light, chemical ac- 
tion, heat, photoelectric effect, or sunburn. 
When waves bearing widely varying amounts 
of power and oscillating with widely varying 
frequency are received, the effect produced 
by them in the receiving material or receiv- 
ing device may be heat, light, color, speech, 
music, chemical or physiological change. 
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The effect produced depends almost as much 
on the receiving device as it does on the fre- 
quency involved. Of course, one would 
hardly expect the ultraviolet rays of the sun 
to actuate a radio receiving set or radio 
waves to tan the human skin. However, with 
the provision of the appropriate transmitter 
and receiver, ultraviolet waves have been 
used to carry speech and music for a distance 
of a hundred feet. Infrared light, quite in- 
visible to the eye, has been used for secret 
signaling in daylight and darkness. 

Peoduction op Eadio Waves 

The first method of achieving the manu- 
facture of electric waves (1886) took advan- 
tage of a phenomenon well known for more 
than fifty years. In 1827, Savery of France 
discovered that the electric discharge of a 
condenser, of which a Leyden jar is a good 
example, is oscillatory. According to this 
method two conductors, for example two 
spheres or two parallel plates of metal, were 
given a high-voltage charge by means of a 
static machine or induction coil. When the 
charge was raised to a high-voltage level, a 
spark jumped across. Electrical vibrations 
were thus manufactured. 

An analogy may help one to get the idea of 
an oscillatory discharge. A tall tank of 
water is connected to another empty tank. 
A closed valve in the connecting pipe is 
opened ; it might even be broken through by 
the pressure of the water. Water would 
rush out of the fuU tank up into the empty 
tank and then back into the original tank. 
There would be a series of water current os- 
cillations. Now the condenser is a sort of 
pair of electrical tanks. During its dis- 
charge electrical currents oscillate back and 
fcrft between the two metallic surfaces. As 
slated, Savary first discovered this oscilla- 
tory character of a condenser discharge with 
a spark visible at the gap. Accompanying 
rushing of electric current back and 
el^tric waves are radiated. Lord Kel- 
vin set up and solved the mathematical 
for such eled^neal vibrations. His 
malbanati® of 1853 still is valid to 
, Qie frequmn^ and wavelength of 

waves-/' , 

of discharge 


was the one originally used by Hertz and 
and later by Marconi. It was the accepted 
method for radio telegraphy for many years 
but could not be used for radiotelephony. 
We now know that the lightning flash is oscil- 
latory; so Dame Nature, using the cloud and 
the earth or two clouds as plates of a con- 
denser, had the technique before Savary, 
Joseph Henry (who in 1842 made important 
contributions in this field), Lord Kelvin, and 
Hertz. 

A second method was that of the rotating 
electrical dynamo. It is the method which 
has ever been used for the production of the 
sixty-cycle alternating current to supply 
light, heat, and power. High speed rotating 
dynamo electric machines were designed by 
Fessenden (1907), Alexanderson and Gold- 
smidt to produce, for the purposes of radio 
telegraphy, frequencies in the neighborhood 
of one hundred and fifty thousand cycles per 
second, two kilometers in wavelength. 
These electric waves were very long. 

The Eba of Electronics 

The X-ray was the result of research con- 
cerned with the study of electricity in a 
vacuum. Out of that research and philoso- 
phy expressed by Sir J. J. Thomson came 
that modern Aladdin's Lamp, the electron 
tube. 

The tradition of research on electricity un- 
associated with ponderable, sluggish, and 
hampering atoms of matter, on electricity 
per se performing in a vacuum tube, on elec- 
trons, so brilliantly begun by Crookes, J. J. 
Thomson, Roentgen, Becquerel, Edison, and 
many others before 1900, has been carried on 
with equal brilliance by their successors. 
Fleming, Millikan, Richardson, Garty, Lor- 
entz, de Forest, Arnold, Langmuir, Jewett, 
and many others have exhibited magnificent 
international teamwork in putting electrons 
into useful service. 

During the televictorian age of the last 
years, the limitations of time and space have 
been erased because electric waves of many 
lengths and many frequencies have been re- 
vealed as pearls without price in nature's 
bounty. They became a useful reality when 
an atom of electricity, an electron, electricity 
its very self was put to work inside a vacuum 
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tube. Our planet bas become ‘‘one world 
largely because of electric waves. The tele- 
victorian age, tbe electric wave age, and the 
electron tube age have become synonymous. 

First used in a practical way as an ampli- 
fier in 1915 at intervals along the telephone 
line to span the United States, the electron 
tube has become an essential device in thou- 
sands of miles of long-distance telephone 
lines throughout the world. Contemporarily, 
it was recognized as a most important actor 
in both transmitter and receiver in radio te- 
lephony, radio telegraphy, and radio broad- 
casting. Today it is aptly applied to a thou- 
sand and one other tasks. Associated with 
proper electrical wire circuit arrangements 
and electric power supply, the vacuum tube 
can generate electric currents; it can also 
mold electric currents, amplify electric cur- 
rents, rectify electric currents, and detect 
electric currents. In many ensembles of 
high-frequency equipment today, it likely 
performs all five functions. In its role as an 
oscillator, as a generator of electrical vibra- 
tions for communication, it plays the part of 
a virtuoso for the manufacture of twenty 
octaves or more of electric waves. Arm- 
strong, de Forest, Colpitts, and Hartley were 
pioneers in this field. Many others later 
made further contributions to the operating 


techniques and apparatus for the creation of 
electric waves by electron tubes and associ- 
ated circuits. In many ingenious designs 
and forms, the electron tube circuit generates 
electric waves from sixty cycles per second to 
500,000 million cycles per second — ^in wave- 
length, from five million meters to six milli- 
meters. 

By wire and radio, millions of telephone 
and telegraph messages are carried each day; 
electrical echoes, as utilized in the recently 
announced radar, detect and tell the distance 
and the angle of the approaching ship or air- 
plane ; light waves give vision and carry mes- 
sages ; heat waves transmit warmth and help 
the earth to be the good earth with its abun- 
dant harvest; portable X-ray equipment on 
the field of battle enables the injured to be 
restored to health; gamma rays of radium 
heal wounds; and cosmic rays stimulate the 
imagination as to the nature of the world in 
which we live. Electromagnetic waves, long, 
short, ultra-short, micro and micro-micro — 
eighty octaves of them — ^intangible, impon- 
derable, mostly invisible, inaudible, con- 
stantly the subject for research and investi- 
gation throughout the world, are the talented 
and versatile members of a most fascinating 
family now playing a conspicuous role on 
home fronts and on war fronts. 



TROPICAL MEDICINE: ITS SCOPE AND 
PRESENT STATUS* 

By ELLIS HERNDON HUDSON 


Medical and lay attention is now being 
directed toward tropical medicine in unprec- 
edented degree. Admiral Stitt, looking back 
over the past jSfty years, recently traced the 
curve of interest in tropical medicine through 
three wars. During the Spanish- American 
war, malaria, yellow fever, and the dysen- 
teries were to the fore. The subsequent cut- 
ting of the Panama Canal, the occupation of 
the Philippines, and operations in the West 
Indies kept interest in tropical diseases on a 
gradually rising curve. The World War of 
1914-18, however, was fought — at least by 
American forces — ^in temperate zones, and 
Stitt points out that the focus of medical 
attention was transferred to meningitis, 
trench fever, and the pneumonias — strepto- 
coccal, pneumococcal, and influenzal. Dur- 
ing the inter-war period, for two decades 
after 1919, tropical medicine made steady 
progress but was overshadowed by other 
branches until a few years ago, when it was 
realized that, for Americans at least, the 
approaching second world war would be 
fought to a large extent in the tropics and 
subtropics. With the establishment of Amer- 
ican troops in the Caribbean and Mediter- 
ranean basins, in India, China, and the East 
Indies, and the southern Pacific, the curve 
of interest has again turned sharply upward. 

Is this Country in Danger of Imported Ex- 
otio^ Diseasesf Anxiety has been expressed 
l€st the contact of American troops with 
tropical diseases abroad will react unfavor- 
ably upon the health of the people of conti- 
nental America. This anxiety is to some 

* Released for publication by the Division of Pub- 
lications of the Bureau of Medicine and Surgery of 
the United States Navy. The opinions and asser- 
tions contained herein are the private ones of the 
writer, and are not to be construed as ofdeial or as 
reflecting the views of the Navy Department or the 
Naval service at large. 

1 The word exotae — ^used in antithesis to indigenous 
—-Is in some respects preferable to the word tropical. 
|%ay of the disease now called tropical once fiour- 
' in teoagiterale non^ and otheis even leday are 
In t^siperate regkms than our own. 


extent justified. The two barriers of time 
and space which once kept diseases away 
from our shores have been abolished by the 
automobile and airplane. We read of a news- 
paper correspondent leaving Australia on 
Tuesday and arriving in San Francisco on 
Thursday, only seventy-two hours later. A 
Navy man comes to the Washington Dispen- 
sary with a sandflea (Tunga penetrans) be- 
tween his toes ; he acquired it in South Amer- 
ica and returned by air before it manifested 
its presence. The Pan American Highway 
runs right through the region of Guatemala to 
which onchocerciasis (filariasis of the skin) 
has hitherto been limited. Even Bartonello- 
sis (oroya fever, Carrion’s disease), which 
has been found only in remote valleys of the 
high Andes, may become a general hazard by 
reason of military movements and modern 
methods of travel. 

Many diseases which take time to develop 
used to he detected in travellers before their 
long homeward voyage was completed ; now 
a man may contract malaria in India or the 
South Pacific and have his first chill in New 
York or Denver. Prom the standpoint of 
contagions disease new significance is added 
to the aircraft advertisement which states 
that no man on earth lives further than sixty 
flying hours from any American airport. 
The spread-rate of epidemics, such as dengue, 
influenza, and cholera, has always been in 
direct ratio to the rate of human travel; 
hence, many minds are preoccupied with the 
possibility of swift and overwhelming pan- 
demics. 

Another disquieting feature is that 
whereas tropical diseases were formerly im- 
ported into this country by the occasional 
“foreigner” or immigrant, they will doubt- 
less he brought in during this war by thou- 
sands of our own men who will return to live 
in their “home-towns” scattered throughout 
the land. Further, it looks as if our commit- 
ments for stabilization and maintenance of 
peace after the war will involve us in such 
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responsibilities in tropical countries that a 
constant stream of such infections will con- 
tinue to be imported into this country for 
an indefinite period. 

Though these are real dangers they can 
easily be exaggerated. Some medical and 
lay writing on the subject has been needlessly 
alarmist, and the other side of the picture 
needs to be emphasized. Many tropical dis- 
eases, especially of the metazoan parasites, 
are dependent for their propagation upon 
habits not found in this country. In this 
group are the flukes, dependent upon human 
consumption of raw fish and crabs ; the intes- 
tinal roundworms, dependent upon the use 
of nightsoil as fertilizer, and the lack of per- 
sonal and community hygiene ; and the tape- 
worms, dependent upon human consumption 
of uninspected meat or the ingestion of food 
or water contaminated with animal drop- 
pings. In other diseases, such as trypanoso- 
miasis, leishmaniasis, filariasis, and schisto- 
somiasis, the vector or the intermediate host 
is either absent in this country or can be con- 
trolled by use of present knowledge or exten- 
sion of present sanitary measures. 

Even in the case of malaria, though new 
and possibly more virulent strains may be 
imported, and though there may be sporadic 
outbreaks, our health-conscious communities 
and efficient health services will keep the dis- 
ease local and transient. Indeed, new knowl- 
edge of malaria now being gained in this war, 
in techniques of treatment and mosquito con- 
trol, will tend to clear up much of the disease 
already existing on this continent. 

There are two other favorable features. 
After the war many physicians will return 
to this country armed with experience in the 
diagnosis and treatment of tropical diseases. 
And secondly, there is much indirect evi- 
dence that temperate zone temperatures and 
climatic conditions per se have an unfavor- 
able effect upon the propagation of tropical 
diseases. 

In summary, one may well conclude that 
although the impact of tropical diseases on 
this country because of the war and its after- 
math may be substantial, the dangers to our 
people can be largely avoided by the use of 
knowledge and facilities now in our posses- 
sion. The converse of this fact is that the 
names and characteristics of many exotic dis- 


eases will have become familiar to millions 
of service-men and their families. Increased 
lay and medical interest is, no doubt there- 
fore, only the prelude to expansion in this 
field of medicine in the United States. 

The medical schools, while conscious of the 
present pressure on the medical student and 
curriculum, and the shortage of teachers, 
nevertheless recognize the necessity for in- 
struction in parasitic and tropical diseases. 
In recent months existing courses have been 
strengthened, new courses have been intro- 
duced, special lectureships are being pro- 
vided, teachers are being trained both in this 
country and abroad, information about ex- 
otic diseases is being pooled among the medi- 
cal schools, and a distribution center has been 
established for specimens, pathological ma- 
terial, and visual teaching aids. This in- 
creased emphasis upon tropical disease has 
received the hearty encouragement of the 
Surgeons General of the Services, who for 
many years have .been concerned with the 
training of young doctors in this field. 

If, as Gregg has said, the next ten years 
will witness a revaluation and reform of the 
medical curriculum, the signs indicate that 
tropical medicine will have gained in stature 
in the process. 

Advantages to ie Anticipated from Expan- 
sion of Tropical Medicine. Some favorable 
features will result from this new and grow- 
ing interest in the tropical field. First will 
come a greater appreciation of the impor- 
tance of environment in disease. Earlier 
viewpoints stressed the static relationship of 
host, parasite, and environment. Later, fluc- 
tuation of both parasite and host was empha- 
sized, but the molding influence of environ- 
ment was slow to be recognized. Now, 
however, it is admitted that all three com- 
ponents of the disease picture are fluid enti- 
ties and that the end result at a given time 
and place will depend upon their mutual in- 
fluence. This concept is powerfully rein- 
forced by a consideration of tropical disease, 
in which environmental and epidemiological 
factors occupy so prominent a place. 

The second gain from the new interest in 
exotic diseases will be appreciation of the 
geography of disease, a science still in its 
infancy. The Germans were far ahead of 
us in this field, but their knowledge has been 
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perverted to base uses, poKtical rather than 
scientific. There are two phases in this 
branch of medicine: disease distribution in 
relation to geography, and differences in the 
same disease as it appears at different places 
on the earth's surface. That is, we shall not 
only be interested in the '^what, where, how, 
and why" of the diseases indigenous to the 
jungles of Brazil, the deserts of Africa, and 
the islands of the Pacific, but we shall also 
be concerned with the behavior of diseases 
more familiar to us, such as tuberculosis, 
measles and cancer, as they occur in the en- 
vironments of regions so different from our 
own. Tropical medicine introduces us to the 
importance of place in pathology, and the 
diagnostic value of the question, where has 
the patient lived? 

Thirdly, the mutual impact of tropical and 
temperate zone medicine is pregnant with 
possibilities in the field of research. On the 
one hand, tropical medicine is ten to twenty- 
years behind in applying the techniques of 
modem investigative physiology, biochem- 
istry, and pharmacology. Knowledge of the 
pathology, diagnosis, and treatment of exotic 
disease is bound to increase rapidly as these 
techniques are applied to them. An amazing 
amount of unknown territory in tropical 
medicine can be taken over simply by the use 
of weapons which temperate zone medicine 
already has in hand. 

On the other hand, research in tropical 
zones will stimulate ail branches of medical 
research, not only because it offers an un- 
limited quantity of human material for in- 
vestigation, but because the exaggerated 
conditions of disease found among tropical 
peoples will throw light upon the less easily 
anaj^zed disorders of temperate zone civili- 
zation. One need only point to disorders of 
the liver and the varieties of anemia found 
in the tropics, to illustrate the lure which the 
tropics slmsuld have for the pathologist and 
the hematolo^i 


genera^ it may be truly said that the 
of dibease in tropical environment 
jiSfe teizons and broadens concepts of the 
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this after he arrives with often painfully 
acquired experience which he could never 
have obtained elsewhere. He will realize 
that tropical medicine is temperate zone 
medicine, plus. Peripheral edema may not 
be due at all to nephritis, but to vitamin defi- 
ciency; pain in the right lower quadrant 
may he due to malaria, and intestinal ob- 
struction or asthma may be due to ascarid 
worms. The Samoans suffer from filariasis 
but they also die of tuberculosis ; the natives 
of Africa have trypanosomiasis, but they also 
suffer from the same nutritional deficiencies 
as the patients in Birmingham, Alabama ; the 
peoples of India and China have leishmania- 
sis and distomiasis (fiuke infestation), but 
they also die of pneumonia and typhoid. 

The Lack of Organized Information on Ex- 
otic Diseases. Tropical medicine as it is 
known today is a composite of facts gleaned 
from a multiplicity of diverse and unrelated 
sources. Such a book as McKinley's on the 
geography of disease gives some idea of the 
extent of contradiction and discrepancy in 
our knowledge. Maps of tropical diseases 
have to be approached with great caution 
because a blank may mean either that the 
disease is not present, or simply that it has 
not yet been looked for and reported. Yel- 
low fever, which for years contracted and 
faded to minute proportions on the world 
map, has suddenly blossomed forth to cover 
large areas of two continents, simply because 
a new concept of the disease has been estab- 
lished. 

Most of the facts about the health of tropi- 
cal regions come from governmental reports, 
usually issued annually by the European 
powers responsible for the various areas. 
For large tracts of the earth we are depen- 
dent on these reports for vital statistics. It 
is true that they are often defective, their 
methods and results are frequently not com- 
parable, and much is hidden in unrelated 
files. Sometimes there is deliberate lack of 
candor in revealing conditions. Facts can 
only be secured by patient digging ; yet this 
is the best source jfor general knowledge. 

Other sources of information are the re- 
ports of such qnasi-governmental organiza- 
tions as the Health Office of the League of 
Nations, the Indian Medical Service, and the 
ob^rvations of onr own Army in Panama 
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and the Philippines, and onr Navy in Samoa, 
the West Indies, and elsewhere. In this con- 
nection should be mentioned the many na- 
tional societies of tropical medicine, and the 
numerous institutes and research centers in 
tropical countries, such as the widely scat- 
tered Pasteur Institutes, the Malaria Ee- 
search Institute of India, the Oswaldo Cruz 
Institute of Brazil, the Gorgas Memorial In- 
stitute in Panama, and others. There are 
famous schools of tropical medicine in tropi- 
cal countries, such as Puerto Eico, Cuba, 
Mexico, India, Egypt, and Java, and others 
in great centers of teaching in temperate 
zone countries, such as London, Liverpool, 
Paris, Antwerp, Lisbon, Peiping, Melbourne, 
Boston, New York, and New Orleans. There 
was once an important center in Hamburg. 

There are also the great private and semi- 
private foundations such as the Eockefeller, 
the Leonard Wood Memorial, and the British 
Empire Leprosy Eelief Association. Various 
universities have sent expeditions to South 
America, Africa, and elsewhere for the inves- 
tigation of particular diseases, and other 
commissions under Eed Cross or military 
auspices have undertaken the study of 
typhus fever, relapsing fever, pneumonic 
plague, and other epidemic diseases. 

Big commercial companies, representing 
among others the oil, rubber, and fruit inter- 
ests, have stimulated the study of tropical 
diseases in an enlightened spirit of humani- 
tarianism ; important contributions have also 
been made by physicians maintained in tropi- 
cal countries by missionary societies. These 
lone workers, and the private practitioners, 
both foreign and native, in tropical regions, 
have gathered a mass of information of great 
value out of proportion to their numbers 
because of their long periods of residence and 
their intimate knowledge of language and 
people. 

This catalogue is obviously incomplete, but 
suffices to bring into relief the patchwork 
picture of tropical medicine as it now is, and 
suggests why this field is still so unorganized 
and unequally developed. 

The Goneent of Tboficad Medicdte 

Medicine in general comprises certain con- 
ventional subdivisions such as pathology, 
symptomatology, and therapeutics. Let us 


assume these standard disciplines and pro- 
ceed to examine in some detail the special 
fields which tropical medicine draws within 
its ambit. 

Selminthology is concerned with the meta- 
zoan parasites which inhabit the intestinal 
tract or the tissues of man. They include the 
hookworms, whipworms, pinworms, and as- 
earids ; the filariae of skin and lymph tissue ; 
the cestodes, some of them living as adults in 
the intestine, and others as immature forms 
in the tissues ; and finally the trematodes, the 
flukes of lung, liver, intestines, and blood. 

Protozoology furnishes the next group of 
parasites, the amoebae, the blood flagellate 
trypanosomes, the tissue flagellate leish- 
manias, the spirochetes of treponematosis 
(yaws, syphilis), leptospirosis, and rat-bite 
fever, and borreliae of louse- and tick-borne 
relapsing fevers. This unicellular group 
also includes the plasmodia of malaria. 

The bacteriology of tropical medicine in- 
troduces the bacillus of plague, the mycobac- 
terium of leprosy, the vibrio of cholera, the 
rickettsiae of typhus and spotted fever, and 
the viruses of dengue and yellow fever. 

Tropical mycology must not be omitted. 
Perhaps the discovery of penicillin will 
stimulate interest in this hitherto neglected 
subject. 

Entomology, Tropical medicine is in- 
tensely concerned with arthropod life, for 
insects and arachnids furnish the vehicles for 
transfer of diseases, and the reservoir for 
their maintenance in nature. Animals of 
other phyla provide intermediate hosts for 
the propagation and dissemination of para- 
sites. Thus, importance attaches to the dis- 
tribution, identification, anatomy, physiol- 
ogy, and ecology of mosquitoes and other 
flies ; the fleas, bugs, lice, and ticks ; the snails, 
crabs, frogs, and fish. 

Many of the lower orders of mammals 
share tropical diseases with man, and consti- 
tute reservoir hosts for the infections. Tllus- 
trations of this are the carnivorous cats, dogs, 
and wolves in helminthiasis; the wild game 
of the veldt in tr3rpanosomiasis ; the monkeys, 
marsupials, and edentates in yellow fever. 
Study of these reservoir and alternate hosts 
throws light on human diseases, and thus 
mammalogy, verterinary medicine, and com- 
parative pathology become int^al parts of 
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tropical medicine. Herpetology and the pro- 
duction of antivenins must also be included 
at this point. 

A fascinating and as yet unwritten chap- 
ter of knowledge is the evolutionary history 
of these parasites and their hosts, and their 
relation to the great geological epochs. Trop- 
ical diseases are related to the fact that the 
oases in the Sahara are the last drying rem- 
nants of once broad and flourishing jungle. 
Tropical medicine is interested in the theory 
that the ^^nose^^ of South America once fitted 
snugly into the concavity of Western Africa 
(the so-called Wegener continental flotation 
hypothesis), and the theory that there was 
once a continent (Lemuria) connecting up 
India and Ceylon with Madagascar and 
Africa. The distribution of tropical diseases 
and their vectors is certainly related to the 
fact of Wallace's Line which swings through 
the East Indies and separates the fauna of 
Asia from that originating in Australia. 
Eiiowles has attempted to explain the pres- 
ent peculiar distribution of quartan malaria 
on geological grounds, and has advanced the 
view that P. malariae was the first of the 
plasmodia to select man as host. This is only 
one tentative furrow in an exceedingly inter- 
esting field. 

The sciences of meteorology and climatol' 
ogy are admitted to be of increasing impor- 
tance in medicine. The formation of clouds 
and winds, the fluctuations of temperature, 
the distribution of isobars, the amount of 
precipitation, all have a direct bearing upon 
the presence and distribution of disease. 
Change of temperature is a tonic to the 
human organism, a blessing which the in- 
habitants of the energizing regions of the 
world, such as Europe, the United States, 
South Africa, and the Argentine, have not 
fufly realized. The absence of temperature- 
swing in tropic zones has a bearing upon the 
temperament of tropical peoples, and prob- 
ably contributes to their relative freedom 
from the so-called degenerative diseases of 
civilization, the price which men of the tem- 
perate zon^ must pay for the mixed blessing 

aggr^ive energy. 

How far, €md at what cost, can the white 
man be acclim a t i zed to the tropics, are ques- 
still to be settled. That he can live 


there in comfort is proven by experience in 
Panama, the Dutch East Indies, and else- 
where. But man has only two means of dis- 
posing of the heat generated by combustion 
within himself; namely, radiation and per- 
spiration. Where environmental tempera- 
tures exceed 98.6° P., radiation is no longer 
possible — ^indeed is replaced by absorption. 
The body is therefore restricted to the alter- 
native ; but loss of heat by evaporation from 
the skin surface depends upon the ability to 
sweat, and this also has obvious limits. Man 
in the tropics is therefore forced to live at a 
lower level of energy and of oxygen con- 
sumption to keep from dangerous accumula- 
tion of internal heat. Paradoxically, as 
Mills has pointed out, the laborer in the trop- 
ics turns out less work per unit of time, bnt 
is a more efficient machine than the northern 
laborer. 

Nutrition. The science of food elements 
and requirements finds in the tropics an al- 
most virgin field, a multiplicity of “ impres- 
sions^' and few established facts. In general, 
the tropical menu is monotonous, and the 
food not so palatable, so thoroughly cooked, 
or so finely divided as elsewhere. The appe- 
tite craves less of animal foods and more of 
starches, greens, and fruits, leading to defi- 
ciencies in calcium, the B complex, and the 
animal proteins. Among the minerals, iron 
is particularly lacking, a fact which leads to 
various forms of hypochromic anemia. 

Eice is the staple food of one half the 
world’s population, and for this portion of 
the human race it constitutes eighty to ninety 
percent of the food intake, supplemented in 
the case of the Arab with dates and locusts, 
and elsewhere with dried fish and pickled 
radish. Eice has a good selection of vege- 
table proteins, but does not furnish all that 
are necessary for full health, and is deficient 
in minerals and vitamins. 

There is some support for the view that 
most people in the tropics get less than the 
optimum intake of the B complex. The B 
contents of tropically grown foods are defi- 
nitely lower than those of northern climes, 
and since B is water-soluble it is lost in the 
sweat. Further, it has been shown that mice 
living in a temperature of 90° P. require 
twice as much B complex per gram of food 
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as mice living in a temperature of 65° F., 
and presumably something of this sort is 
true of man. Since there is close relation- 
ship between vitamin B and ‘‘resistance to 
infection,” there are grounds for the as- 
sumption that natives of the tropics, failing 
to receive adequate quantities of the complex, 
are more susceptible to infectious diseases. 

In this connection, Cannon has pointed out 
that food-proteins are essential not only for 
the formation of normal globulin in the 
blood, but also for the closely related anti- 
body-globulins. In other words, the inges- 
tion of a fuU complement of amino acids 
is essential insofar as antibody production is 
fundamental to “resistance.” Cannon is 
speaking particularly of the gradual deple- 
tion of the body proteins in war and famine, 
resulting in pestilence in its various forms. 
But in tropical countries, though the factor 
of war may be absent, unbalanced diet and 
chronic famine is a constant specter. Doubt- 
less here also hypoproteinemia results just 
as inevitably in widespread susceptibility to 
disease. 

Many tropical peoples are slight of build 
and short of stature. Is this due solely to 
race, or do climate, nutrition, diet, and other 
factors also have a role? Ejogman quotes 
Hooton to the effect that height, weight, 
thoracic dimensions and proportions, and 
similar bodily features are so directly sus- 
ceptible to health, diet and food habits, cli- 
matic factors, exercise, occupation, and other 
miscellaneous influences as to render them 
useless as racial criteria. 

N europsychiatry. Unquestionably, white 
men and women going to the tropics undergo 
considerable psychic trauma. McCartney, 
who has recently reviewed the subject of 
tropical neuropsychiatry, predicts that many 
men in the services will return from the trop- 
ics with permanent neuropsychiatric dis- 
abilities. Strange environment, foreign lan- 
guage and customs, unaccustomed food, 
intense light and heat, tropical rains, ubiqui- 
tous and exasperating insects, all are factors 
which, combined with the monotony of exis- 
tence, the lack of amusements, and restric- 
tions of companionship, lead to neuroses 
and depressions. Least successful are the 
egocentric and rigid personalities lacking 


poise or given to idiosyncrasies and com- 
plexes. Most successful are the sanguine, 
the adaptable and resourceful, and the intel- 
lectually curious. 

Men and women who have gone to the 
tropics under the compulsion of commercial, 
religious, and humanitarian incentives are 
often able to establish homes which cushion 
them from the warping impact of the foreign 
environment. Some, however, fail to adjust, 
and are invalided home as “nervous break- 
downs” or misfits. 

Men in the armed services at tropical sta- 
tions have the advantage of knowing that 
their period of service will probably be 
short; they have many companions of their 
own kind with food and other things from 
home; their life may be uncomfortable and 
often dangerous, with few opportunities for 
amusement and recreation, but it is seldom 
monotonous for long. But in contrast to 
these stabilizing factors is the frustrated 
feeling — often unexpressed — ^that they are 
not there by their own will, but in the control 
of forces which they are unable to influence. 
There are many in the service ranks of low 
emotional adaptive power, and in the pres- 
ence of danger and the natural human reac- 
tion of physical fear, it is not surprising 
that psychiatric casualties are proving to be 
an important feature of tropical campaigns. 

Turning now to other fields in which tropi- 
cal medicine has an interest, we come to 
ethnology and anthropology. Many of the 
advances in both these sciences have been 
made by physicians working among the 
natives of tropical regions. Customs, re- 
ligious rites, and social organizations have 
a bearing on health. In Moslem countries 
the necessity for ablutions leads to pollution 
of the river banks’, and the pilgrimages to 
Mecca tend to spread disease. In India the 
great fairs and festivals, the veneration of 
the cow, and the respect for insect life create 
problems in the control of disease. In many 
countries patriarchal and tribal organiza- 
tions make enforcement of health laws diflS- 
cult. The importation and trafSc in slaves 
have always been a feature of the spread of 
disease in tropical countries. It is of par- 
ticular interest in connection with the export 
of slaves from Africa through Abyssinia to 
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Arabia and the East, and the importation of 
black slaves and their diseases into the New 
World. 

No one will deny that tropical medicine 
has a vital interest also in the development of 
the economic and political life of the tropics, 
not only for the acclimatization of the white 
man, but in the inevitable future industriali- 
zation of wide regions still undeveloped. 
The resources of large areas have only been 
touched. There is, for example, more water 
power in the single basin of the Congo than 
is harnessed at present in the whole of the 
United States. Political organizations, such 
as colonies, mandates, international trustees 
or hitherto untried devices for native devel- 
opment, must be buttressed by health 
schemes of a magnitude as yet not attempted. 
Whole diseases must be eradicated, and effee- 


MALARIA 

War eorrespondents have reported that the Battle 
of Bataan was lost, not because the ammunition was 
gone, but because the quinine tablets gave out. Ten 
days before the end, 80 percent of the front-line 
troops were suffering from malaria. When the 
Japanese extended their advance to the south, Amer- 
ica lost both her rubber and her quinine. Fortu- 
nately as far as quinine was concerned, synthetic 
chemistry jumped into the breach, but with the war 
extending into malaria-infested countries aU over 
the world there is still great need for a drug that is 
better than quinine or any available quinine substi- 
tute* Indeed among war diseases malaria ranks 
ahead of typhus and influenza in the list of unre- 
solved problems. 

Over many years, and in many countries, The 
EockefeUer Foundation has worked in the field of 
malaria. During the earlier period its activities were 
larg^y confined to various methods of mosquito con- 
trol, such as drainage, screening, the use of fish to 
destroy mosquito larvae and the employment of 
sprays and Paris green. But in many parts of the 
world these measures are inapplicable for economic 
or physical reasons. In such areas the widespread 
use of drugs is at present, and particularly under war 
conditions, the only feasible means of control. 

The use of drugs, however, has been shown to be 
largely ineffective, even under the most favorable 
cxrcnmstanc^, be<!^use of two fundamental disad- 
vaniages inherent in the drugs now in use. In the 
first place,, these drugs do not always eradicate the 


tive barriers erected to prevent the spread of 
diseases to new regions of the earth along 
lines of travel and commerce. Imaginative 
planning will have to be done in terms, not 
of nations, but of continents and the globe. 

This discussion has presented two chal- 
lenging facts, namely, that tropical medicine 
is a rapidly expanding field, and that few 
of the sciences can afford to refrain from 
interest and participation in this expansion. 
If the medical world has the wit to draw on 
all these ancillary sciences, and if these sci- 
ences have the wisdom to see what opportuni- 
ties for them lie in the matrix of tropical 
medicine, new and exciting vistas will open 
both for the advancement of abstract knowl- 
edge and for the improvement of man’s 
health, as dividends accumulate from this 
cooperative activity in the tropics. 


CONTROL 

infection, and thus a constantly increasing carrier 
reservoir accumulates, tending to spread the disease. 
In the second place, the drugs cannot be wholly relied 
upon to prevent the development of malaria follow- 
ing the bite of an infected mosquito. 

These disadvantages assume oven greater impor- 
tance in wartime than under normal conditions, be- 
cause the introduction of large numbers of nonim- 
mune persons into malaria-ridden countries naturally 
increases the incidence of the disease. The develop- 
ment of some new drug, not subject to the limitations 
of quinine and its substitute, would have enormous 
military and public health significance. , . . 

The [Foundation] campaign in Brazil . . . was 
snccessful in driving out a particularly dangerous 
malaria mosquito imported from Africa and called 
Anopheles gambiae. It is a pleasure to report that 
there was no reappearance of gambiae in 1942 in the 
area in which the campaign was waged. But al- 
though the gambiae is driven out of America, this is 
not the end of the story. There remains its home- 
land. The bad reputation of Africa as the Dark 
Continent is based in part upon the exceptional 
activity of this mosquito. . . . The gambiae holds 
firmly .in its grasp whole areas, from Dakar in the 
west, straight across the Continent, and all the way 
south. Unless this mosquito can be exterminated, or 
its effects neutralized, it does not seem probable that 
the vast regions which it now contaminates can be 
successfully developed. — Baymond B, BosdicJc, in 
^^The Bockefeller Foundation^Beview of WorTo in 



NEWTONIAN AND OTHER FORMS OF 
GRAVITATIONAL THEORY* 

I, NEWTONIAN THEORY 

By GEORGE D. BIRKHOFF 


It has been generally granted that Sir 
Isaac Newton ^s work on nniversal gravita- 
tion constitutes an unsurpassed scientific 
achievement. To begin with, in order to de- 
velop his ideas concerning the nature of 
gravitation, Newton devised that necessary 
mathematical instrument of modern scientific 
thought, his “fiuxions,^^ now termed the cal- 
culus; then, with the aid of this powerful 
new tool, he developed the principal theo- 
retic consequences of his inverse square law; 
furthermore, he applied his theory to the 
most varied types of gravitational phe- 
nomena with extraordinary skill and pene- 
tration; and, finally, after making certain 
that supposed observational discrepancies 
were disposed of, and after transferring his 
analytical equations into the language of 
infinitesimal geometry current in his day, he 
gave out his great master work, the Principia 
of 1687. Truly this four-fold accomplish- 
ment was most remarkable; and the unfold- 
ment of the program for the physical sciences 
which Newton thus initiated has continued 
to dominate the field of physics during nearly 
all of the two and a half centuries which have 
since elapsed : 

Nature and Nature laws lay Hd in night. 

God said ^‘Let Newton be,^’ and all was light. 

In this tercentenary year (1942) of New- 
ton ^s birth it is therefore natural and appro- 
priate to estimate his theory of gravitation 
in its relation to the new forms of gravita- 
tional theory which have developed in the 
last four decades. This I shall endeavor to 
do in what follows, avoiding the use of tech- 
nical mathematical terms except in a purely 
descriptive way. Likewise when simple 
equations are written down in a few cases, it 

*From the ^mposium on Natural Philosophy'^ 
commemorating the 300th anniversary of Newton's 
birth which was to have been presented at the New 
York meeting of the American Association for the 
Advancement of Science. 


is only to show the obviously close formal 
analogy between the Newtonian theory and 
its modern counterparts. 

It should be remarked first of all that not 
until after the celebrated Michelson-Morley 
experiments of 1887 did it begin to be real- 
ized that matter was astonishingly indifferent 
to motion through the ether. Between New- 
ton’s discovery and these experiments there 
had elapsed more than two hundred years. 
In this period physicists and astronomers did 
little more than consider the following ques- 
tions concerning gravitation: Is it not pos- 
sible that gravitation travels with a finite 
velocity instead of with infinite velocity as 
demanded by Newton’s theory? Is it not 
possible that an exponent slightly different 
from the exponent 2, appearing in his law, 
might improve the theory? Are or are not 
“inertial” mass and “gravitational” mass 
exactly the same, as was postulated by New- 
ton? The careful study of these three ques- 
tions had only served to confirm the New- 
tonian theory. 

Aside from this specific work, one fact, 
however, had emerged : A very close exami- 
nation of the phenomena of the solar system 
by theoretical astronomers, on the basis of 
the Newtonian law, had shown that there was 
a slight but definite excess of perihelial ad- 
vance of the planet Mercury amounting to 
41" per century. Since the velocity of Mer- 
cury is large as compared with the velocities 
of the other planets, it was natural to conjec- 
ture that here was beginning to appear a 
deviation from the Newtonian law which 
should become more and more marked as the 
velocity approached that of light, which is 
the fundamental limiting velocity in an elec- 
tromagnetic universe. 

The analysis here undertaken will begin 
with some simple mathematical observations 
and then pass on to give an outline of the 
Newtonian theory (part I) and of recent 
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relativistic theories of gravitation (part II). 
My approach will in no sense be historical.^ 
Instead, it will present a comparative analy- 
sis of the various forms of gravitational the- 
ory. The Newiionian theory of gravitation 
may be likened to the opening movement of 
a great scientific symphony, expressed in the 
natural language of everyday geometrical 
and temporal intuition, namely that of 3-vec- 
tors. There follows an analogous second 
movement formulated in the terminology 
of 4-veetors, appropriate to 4-dimensional 
‘‘astro-electric’’ space-time. In this, Nord- 
strom ^s gravitational theory of 1912 appears 
as the natural development, although ending 
in an unresolved discord because certain 
slight gravitational phenomena, like that ob- 
served in the motion of Mercury, are not 
accounted for. Then there follows immedi- 
ately the very brilliant, chaotic, and incom- 
plete third movement formed by the gravi- 
tational theory of Einstein of 1916. Here 
the calculus of tensors, appropriate to space- 
time curved by matter, is employed through- 
out. In this way the discord in the second 
movement is resolved and the predictive 
power of the new theory is established. 

Now it has been generally agreed that (to 
carry our musical comparison a step further) 
there is need for an appropriate coda. Weyl, 
Kaluza and others have shown that there 
exist interesting possibilities in the way of 
providing a unified account of electromag- 
netic and gravitational phenomena. To 
these I shall refer only briefly. But I shall 
characterize more in detail a recent attempt 
of a fundamentally different type, which I 
presented at the Astrophysical Congress 
which met at Puebla and Tonantzintla, Mex- 
ico, in February, 1942.^ My theory, like that 
of Nordstrom, is based on the simpler Lor- 
entz-Minkowski space-time of electromagnet- 
ism. 

It is entirely too early to say as yet how 
any of ihese various theories will be regarded 
in the future. One may well doubt whether 
any known physical theories will have final 

an mteresting historical and scien- 

erolaation of Newton see E. T. Bell, ‘‘Newton 
Jjfer Three Ctetnries,^^ American Mathematical 

' ®e pnhlififeed in the Proceedings of the Con- 
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validity for the comprehension of Nature. 
We can he quite certain, however, that the 
classical Newtonian theory of gravitation 
will always remain serviceable to the theo- 
retical astronomer. Indeed, from this point 
of view, a more complicated gravitational 
theory, like that based on a curved space- 
time, can only operate as an “auxiliary con- 
struct” (to use Larmor’s characterization), 
taking into account a few minute relativistic 
gravitational effects almost beyond the reach 
of observation. 

Of course, it is impossible to understand 
and appreciate adequately the magnificent 
work of Newton without proper historical 
perspective. It is easy but misleading to 
magnify his position at the expense of his 
contemporaries and predecessors. Perhaps 
the half dozen figures of greatest import in 
the Newtonian background are those of 
Archimedes, Galileo, Kepler, and Descartes 
among his predecessors, and, among contem- 
poraries, his illustrious friend, the “Summus 
Hugenius,” and his yet greater rival, the 
mathematician and philosopher Leibniz. 
Furthermore it must be admitted that both 
the calculus and the classic theory of gravi- 
tation lay quite near at hand when Newton 
found them. This is evidenced by the fact 
that Leibniz was a co-inventor of the calcu- 
lus, and by the prevalent discussion of a pos- 
sible force of attraction inversely propor- 
tional to the square of the distance. 

Our point of view will be mathematical 
rather than physical, in the following sense. 
The physicist as such disclaims interest in 
any theory which is not in accord with 
Nature, even though it has achieved a con- 
siderable degree' of success. At each moment 
he is hoping to discover the ultimate, all- 
embracing theory, after which he expects to 
abandon forthwith the earlier partial ex- 
planations. On the other hand, the mathe- 
matician studies freely all forms of theory 
which possess a certain esthetic-mathematical 
quality. Thus he is not only interested in 
ordinary real numbers, but invents imagi- 
nary numbers and a host of other types of 
number which interest and fascinate him as 
objects of abstract thought. Often he finds 
later on that these generalizations and modi- 
fications turn out to be essential for the 
understanding of natural law. Thus, to take 
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a recent striking example, in quantum me- 
chanics it has been necessary to deal with 
^‘matrices/’ which constitute a kind of gen- 
eralized number previously studied in detail 
by mathematicians for their own sake. Like- 
wise mathematicians have studied many 
forms of geometry, and in particular the 
general 7i-dimensional Riemannian geometry 
of curved spaces; and only by use of this 
theory and the associated mathematical the- 
ory of tensors of Ricci and Levi-Civita was 
it possible to develop the consequences of the 
^^equivalence hypothesis’^ which lies at the 
basis of the generalized theory of gravitation 
of Einstein. 

In what follows, then, the esthetic-mathe- 
matical point of view will be taken through- 
out. Moreover, we shall not venture to 
conjecture what the ultimate account of 
gravitation is going to be, but rather we shall 
try to coordinate and appreciate the formal 
structures of various gravitational theories, 
as well as to assess their serviceability in 
physics. 

The Use of Models in Mathematics and 
Physics, From the beginning of his scientific 
thinking, man has progressed by means of 
conceptual models taken from Nature. In 
fact, from a certain point of view, mathe- 
matics itself, crudely defined as the study of 
number and form, takes its origin in this 
characteristic way. For, the simplest type 
of physical universe is one thought of as 
made up of classes of distinguishable objects, 
considered without regard to their specific 
properties but only as comparable with one 
another by the process of matching or one-to- 
one correspondence, as when the fingers of 
one hand are matched with those of the other. 
Through experience with this simple universe 
of classes, the concepts of logic and number 
arise irresistibly. Likewise the type of ideal- 
ized universe in which there are rigid bodies 
comparable with one another by direct super- 
position leads us inevitably to the concepts 
of Euclidean geometry. 

In both of these simple conceptual models 
so fundamental for mathematics, the comple- 
mentary processes of Analysis and Synthesis, 
which Newton insisted were necessary for 
mathematics and physics alike, are obviously 
present. The intimate intermixture of these 
two lypes of processes in his daily experience 


with number and form has led man to assign 
to these ideas an absolute and eternal valid- 
ity not readily granted to other conceptual 
ideas. Although we no longer think of 
Euclidean geometry as incorporated exactly 
in real space, nevertheless Logic, Number, 
and Geometry are firmly established as basic 
theoretical constructs of the human mind. 

The point of view will be taken in the pres- 
ent paper that conceptual models are likely 
to continue to play a fundamental role in 
the development of theoretical physics, de- 
spite the apparent abandonment of such 
models in recent quantum-mechanical ad- 
vances. All of the gravitational theories to 
be considered here rest upon the basic model 
of an underlying space-time continuum of 
four dimensions, whose “points” correspond 
to events. 

The Bole of Postulates, It was because the 
Newtonian Law of Gravitation was so deeply 
consonant with the simple mtuitive ideas of 
space and time, as well as with all the known 
physical facts of his day, that Newton was 
able to affirm *^Et hypotheses non fingo ^^ — ^I 
do not frame hypotheses 1 Leibniz had a 
similar feeling. Said Leibniz, “Far from 
approving the acceptance of doubtful prin- 
ciples, I would have people seek even the 
demonstrations of the axioms of Euclid.” 

From the more sophisticated logical point 
of view of the present day, it would be con- 
sidered, however, that all physical and mathe- 
matical theories are necessarily built upon 
certain hypotheses, or “postulates,” which 
need to be carefuUy stated. In Newton’s 
Principia his celebrated gravitational hy- 
pothesis is introduced through an analysis 
of known physical facts, in particular of the 
consequences of Kepler’s planetary laws of 
elliptic motion. We may synopsize the set 
of postulates which Newton tacitly employed 
by saying that he accepted the workaday 
conceptual ideas of Absolute (Euclidean) 
Space and Absolute Time, although he saw 
no reason to distinguish between the Absolute 
Space and any other space in uniform trans- 
latory motion with respect to it, nor to fix 
upon theoretic units of space or time. 

This means for us today that all of New- 
ton’s concepts were such as to be best ex- 
pressed in the mathematical language of 
3-veetors (that is, vectors with three com- 



52 


THE SCIENTIFIO MONTHLY 


ponents). For example, a velocity u is a 
directed quantity of this vectorial type, since 
to determine it we need only specify a 
directed line or vector, showing the direction 
and magnitude of the velocity in ordinary 
three-dimensional space. 

In what follows we shall see how the Nord- 
strom theory referred to above is highly 
analogous to the Newtonian theory, except 
that the language has been changed to that 
of 4-vectors. Furthermore, we shall find 
likewise that the generalized theory of Ein- 
stein is highly similar in structure. Here 
the appropriate language is that of tensors. 

Groups, Invariants, and Mathematical 
Language. For the deeper understanding 
of ail these theories, it is necessary to say 
something about the mathematical concept 
of a group of operations.’’ If any two or 
more of the operations can be combined into 
a single resultant operation of the same type, 
and if there always exists an operation of the 
set which undoes what another operation 
does, then the collection of operations is said 
to form a ‘ ‘ group. ” It is furthermore found 
to be convenient to regard the operation 
which does nothing, called the identity” 
operation, as an element I of the group. 
Thus the postulates for such a group are 
essentially the following in concise form : 

I. (AB)C = A(BC) for any A, JS, C, 
n. AlzzlA-A for any A, 

nL AX =: JB has a unique solution X for any A, B. 

The table showing the result of combining 
any two of these operations constitutes the 
so-called multiplication table” of the group. 

For example, if we consider a square lying 
on a table and the operations of rotating the 
square into itself upon the table, we find that 
there are four operations; the identity I; a 
rotation through 90°, A; a rotation through 
180% B; and a rotation through 270°, C. 
The corresponding multiplication table is ob- 
viously the following: 
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Another very elementary example is fur- 
nished by the operations of adding an integer 
(to a number). Here the identity operation 
I is that of adding zero. 

Now in the geometric background of Eu- 
clidean space, the group of rigid motions has 
always entered intuitively. It will be re- 
called that Euclid accepted the proof of 
geometric theorems by the method of direct 
superposition. This really meant that he 
was accepting the group of motions as valid 
in elementary geometry. The natural analy- 
tic language in which such geometric ideas 
are appropriately couched is that of 3-vectors 
already referred to above. 

In this mathematical symbolism certain 
simple processes turn out to be fundamental. 
The simplest of these is the multiplication 
of a vector by a constant which changes the 
magnitude of the vector by this factor with- 
out modifying its direction. Another simple 
process is that of vector addition portrayed 
in the following figure. Still another impor- 



tant idea is that of the ‘‘scalar product” of 
two vectors ,* if these vectors are / and g, this 
would be indicated by /-p. A “scalar” 
quantity is one, like that of mass, which is 
essentially a magnitude without direction. 
The simplest types of quantities in vector 
theory are vectors and scalars. More com- 
plicated but fundamental types are those 
termed bivectors, dyadics, triadics, etc., by 
Gibbs. The simplest vector operations, in- 
volving the calculus, are indicated by div 
(read divergence), grad (read gradient) and 
curl. We shall not endeavor here to define 
these basic operations. 

Two extremely important related concepts 
in the theory of groups are those of invari- 
able properties and of invariants. In the 
illustration above of the group of rotations 
taking a square into itself, an invariable 
property is that of the adjacency or opposite- 
ness of sides and vertices: evidently adja- 
cency and oppositeness are qualities not 
affected by performing any operation of the 
group. Similarly, in the case of the additive 
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group of integers, the difference of two num- 
bers, expresses an invariant in the tech- 
nical sense, because this difference is not 
affected by adding the same integer to both 
X and y. 

In the case of the group of motions of 
Euclidean geometry, the most fundamental 
variant is the distance between two points, 
which is not affected by any motion whatso- 
ever. Riemann showed how this concept 
of distance appropriately extended lay at 
the foundation of 7i-dimensional geometry, 
whether flat or curved. A somewhat less fun- 
damental concept, but still having great im- 
portance, is that of the angle between two 
lines or vectors. It may be shown that in 
general the invariants of any group deter- 
mine the group completely. 

Newton really accepts, as the underlying 
group in his physical theories, this group of 
rigid motions augmented by uniform trans- 
latory motions in time. This imposes a tacit 
esthetic requirement upon the whole New- 
tonian development. 

The simplest illustration of the expression 
of a Newtonian law in vector terms is that 
conveyed in the familiar statement that the 
resultant of two forces acting upon a point 
is the vector sum of the two constituent 
forces. 

It is also true that in the later gravita- 
tional theories there exists a specific underly- 
ing group which to a large extent predeter- 
mines the form which the theory may take. 
It is for this reason that the comparative 
study of gravitational theories is possible. 

On Mathematical Consistency. Physicists 
have never worried much about the question 
of mathematical consistency. For example, 
in the heyday of classical physics, solids were 
thought of as having a possible type called 
the perfect elastic solid. The articles and 
treatises concerned with such elastic bodies 
never considered the fact that the mathe- 
matical theory itselE would fail under certain 
conditions. Thus, suppose that two perfectly 
elastic spheres were to collide with one an- 
other along their line of centers with a rela- 
tive velocity greater than twice that of the 
disturbance velocity (that is, the ‘^velocity of 
sound in the medium. Then it is true that 
the basic differential equations of motion 
themselves become completely useless and the 


theory of elasticity breaks down. But this 
fact was hardly mentioned as of any interest 
whatsoever. The whole history of physics up 
to the present day shows a disregard of this 
question of mathematical consistency. 

Now it is characteristic of the mathemati- 
cal point of view here advanced that such 
inner consistency is held to be a sine qua non 
in a successful theory. In what follows I 
shall keep this requirement in the fore- 
ground, although doing so introduces consid- 
erations which most theoretical physicists 
would consider as of little importance. 

Mysticism in Physical and Mathematical 
Thought. The developments of the last fifty 
years in mathematics and physics have in- 
volved in ever-increasing measure semi- 
mystical considerations growing out of a 
highly developed sensitivity as to the role 
of formalism. It is well to say something 
about these matters before taking up the con- 
sideration of Newtonian and other gravita- 
tional theories. 

From Newton onwards, theorists in the 
field of physical thought have tended towards 
opinions of an intuitive type which constitute 
an essential directive element in their crea- 
tive work. In fact, it seems to be true that 
long-continued and intensive study in any 
scientific field always leads to vague ideas 
which are felt to be of basic importance 
for deeper understanding. The concept of 
energy was initially of this type. Many 
other instances might be given. 

An important mystical idea of this kind 
was that the laws of nature can always be 
formulated by means of some ‘‘Variational 
Principle” or “Principle of Least Action.” 
For example, it was found that a ray of light 
passing through a medium with variable in- 
dex of refraction follows the path of least 
length in time in going from a point A to a 
point B of the body. To an astonishing 
degree it was discovered that dynamics and 
classical electrodynamics admit of very con- 
densed mathematical expression by means of 
an appropriate variational principle. Even 
today the physical theorist likes to show that 
a new theory can be expressed in variational 
form. 

As a mathematician I would like to point 
out that the significance of such a principle 
is not what it is often taken to be, for the f ol- 
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lowing reasons : In formulating a mathemati- 
cal problem there is always a large degree of 
freedom of choice, both in choosing the inde- 
pendent and the dependent variables. There 
are likewise a great variety of ways of com- 
bining a system of equations into equivalent 
systems. Because of these facts, it is not sur- 
prising that one can manage to obtain a 
variational principle appropriate to almost 
any physical or mathematical theory. It is 
certain at least that theories formally rever- 
sible in time, such as gravitational theories, 
will yield to expression in this variational 
f orm.^ Thus variational methods need to be 
carefully scrutinized. 

Another important principle which has 
been effectively used by the physicist is the 
Principle of Sufficient Reason, which lies at 
the center of Leibniz’s philosophical specula- 
tions. As I have tried to show elsewhere,^ 
this principle is closely related to the theory 
of groups, and its significance may be con- 
veyed in the following symbolic diagram : 

Principle of Theory of 
Metaphysical — ^Sufficients — > Ambiguity. 

Eeason Groups 

Perhaps one elementary but typical illus- 
tration of the use of this Leibnizian principle 
in physics may be mentioned. Suppose that 
two equal forces act upon a point. Because 
of the ambiguity associated with the relevant 
group of motions, it is clear that the resultant 
force must not only lie in the plane of the 
lines of the two forces but necessarily falls 
along the bisector of the angle which they 
form. 

It is such principles as the Principle of 
Least Action and the Principle of Sufficient 
^ which have led many of the foremost 

phi^cists to adopt a somewhat mystical atti- 
tude toward the physical universe. There is 
m doubt that a large part of speculative 
physics up to the latest period can be con- 
interpreted in terms of these prin- 
ciple If we conjecture with Plato that 
the I>eity continually geometrizes, it seems 
almost certain that the language of Deity 
will involve the theory of groups and the 
c<nT^ponding Frinqiple of Sufficient Reason 

s See (New York, 1927), m 

ki} > lY, ^ 

0/ Mm la- 

c ’■*V' , 


on the one hand, and Variational Principles 
on the other 1 

An extreme but characteristic expression 
of the mystical attitude towards physical 
thought, and of confidence in the unlimited 
power of the mathematical symbol, is that 
of Eddington when he says in his Relativity 
Theory of Protons and Electrons (1936) : 

TJnless the structure of the nucleus has a surprise in 
store for us, the conclusion seems plain — ^there is 
nothing in the whole system of laws of physics that 
can not be deduced unambiguously from epistemo- 
logical considerations. An intelligence, unacquainted 
with our universe but acquainted with the system of 
thought by which the human mind interprets to itself 
the content of its sensory experience, should be able 
to attain all the knowledge of physics that we have 
attained by experiment. . . . For example, he would 
infer the existence and properties of radium, but not 
the dimensions of the earth. 

Perhaps such ideas, which are held by 
nearly all physicists in one form or another, 
merely indicate a belief that all physical 
theories are ultimately expressible in simple 
unitary mathematical terms. 

In what follows an endeavor will be made 
to state certain vague ideas concerning the 
differing gravitational theories, which are 
important for their philosophic evaluation. 

The Framework Based on the Rigid Body 
and Ordinary Time. The Newtonian theory 
starts out with the framework of space and 
time suggested by daily physical experience. 
All about us there are rigid bodies which 
need to be compared and measured. In this 
way we arrive at the concepts of geometry, 
and of a space at first attached to the earth, 
and later on attached to the fixed stars. 

Likewise, the notion of time as measured 
by clocks becomes more and more defiinitely 
established on an intuitive basis. Events are 
thought of as happening when seen, so that 
the concept of absolute simultaneity is firmly 
established. 

These ideas of space and of time are em- 
bodied in the concepts of Euclidean space 
and of ordinary time. In this space the point 
of reference, the direction of the axes of ref- 
erence, and the specific nnits of distance play 
no essential part ; and likewise, the choice of 
the^ instant of time, called the epoch, from 
wMeh time is measured and of the unit of 
time has no special importance. Further- 
more, as was noted previously, there is an 
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additional degree of relativity in that any 
system moving at uniform velocity of trans- 
lation with respect to the system of reference 
is regarded as a valid reference system. 

The Underlying Group and its Two In- 
variants, There would be no object in speci- 
f 3 ?ing here in symbolic form exactly what the 
corresponding group is ; it suffices merely to 
say that if we have given any one set of space 
coordinates y, z, and time coordinate t, 
there is a large variety of other sets of space 
coordinates Xi, y^, Zx and time coordinate ti 
which are equivalent in a physical sense to 
the given system of coordinates, namely the 
sets attached to other systems relatively at 
rest or in uniform translatory motion. 

The fundamental invariants of this New- 
tonian group are two m number : the distance 
between two points at the same time ; and the 
interval of time between two events. In fact, 
the Newtonian group is precisely the most 
general group which leaves these two quan- 
tities invariant. 

The Corresponding Language of 3-Vectors, 
As has been noted before, the language of 
3-vectors is that which is appropriate to this 
type of group, but there are certain restric- 
tions of which at least one should be noted : 
To say that two vectors are equal is evidently 
an invariantive statement, since if two vec- 
tors are equal in any one coordinate system, 
they wiU be equal with reference to any other 
system whether relatively at rest or in uni- 
form translatory motion. On the other hand, 
the vector velocity has no invariantive char- 
acteristics, since the vectors with respect to 
one system may not be the same as with ref- 
erence to another system. This circumstance 
explains why it is that velocities never appear 
directly in the Newtonian mechanical and 
gravitational theories. However, the differ- 
ence of two velocities is invariant in charac- 
ter, as may be seen from the following figure. 



Here the difference of two vectors Vx and 


is indicated, first, with respect to the given 
^stem of reference and, secondly, with re- 
spect to a moving system impressed with an 
additional velocity v. It is seen that the 
final difference w is the same in both cases. 
Now the concept of acceleration is essentially 
one involving differences of velocities, and 
thus is explained the extraordinary impor- 
tance of the concept of acceleration and its 
nearly equivalent concept of force in the 
dynamical theories of Newton. 

More explicitly, the force exerted on a 
body is measured by the product of its mass 
and its (vector) acceleration, that is, by M 
du/dt where Af is a scalar invariant called 
the mass and du/dt is the notation of the 
calculus for the (vector) rate of change of 
the vector velocity u along the path of the 
mass in question. 

The Particle Model of Newtonian Gravita- 
tion, Imagine now a system of any number 
of mass particles in otherwise empty space. 
For simplicity, we may consider first the case 
of only two particles of given masses mx and 
m2. 

The Newtonian law states that the force 
which either mass exerts on the other acts 
along the line joining the two particles and 
is inversely proportional to the square of the 
distance between them; in absolute gravita- 
tional units of mass the force is precisely 
equal to the product of the masses divided 
by the square of the distance. We always 
employ such absolute units in what follows. 

It is evident that this formulation is in 
accord with the underlying Newtonian group 
and is as simple a formulation as can be con- 
ceived if the force is to tend to disappear as 
the distance between the two particles in- 
creases indefinitely. It is true that it is natu- 
ral to consider the exponent 1 as well as 2. 
But the analysis by Newton of the known 
Keplerian laws of motion in two body motion 
showed that the exponent must be 2. 

When more than two particles are present 
the resultant force on any one of them is 
simply taken as the vector sum of the forces 
of attraction of all the other mass particles. 

This idealized model of the solar system 
has explained practically completely the 
facts of observational astronomy and pre- 
dicts correctly the future motion of heavenly 
bodies to a remarkable extent. Laplace and 
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other eminent later astronomers have verified 
the' Newtonian theory in more and more 
detail. 

The Cosmic Dust^^ Model. In order to 
explain gravitationally the flattening of the 
earth at the poles, tidal motion, etc., it is 
necessary to extend the particle model so as 
to embrace rigid, elastic, and fluid bodies. 
Newton began this process of extension by 
proving that homogeneous rigid spheres 
would attract one another according to his 
theory exactly as though their masses were 
concentrated at their centers. By proving 
this basic theorem, he was able to reduce this 
model to that of the simpler particle model. 
There is no theoretic difiSeulty in applying 
the Newtonian theory to any given type of 
matter, since, according to Newton’s law, the 
known gravitational forces are merely super- 
imposed on the other forces. 

Unfortunately, the rigid body model is 
absolutely out of place in a relativistic theory 
of gravitation. A simpler type of model 
which is serviceable in other cases, however, 
is that of inchoate matter formed by cosmic 
dust. The state of such cosmic dust is 
thought of as characterized by its density 
and vector velocity at each point, each of the 
particles being attracted towards all the 
other particles in accordance with the New- 
tonian law. This model is especially con- 
venient since it enables one to compare 
directly the recent relativistic gravitational 
theories with that of Newton. 

With this cosmic dust model we have only 
to state the following two requirements of 
Newtonian gravitation in mathematical form, 
using the appropriate language of 3-vectors : 
mass is conserved; the acceleration of each 
point is in accordance with the limiting form 
of gravitational law obtained by passing from 
the case of many small particles to the limit- 
ing case of a continuous distribution of mat- 
ter. These turn out to be fully expressible in 
tie foEowing abbreviated form: 


dt 




Him) 

m 


ti^pgrad g, 


^ grgd 


Here p designates the density, u stands for 
the vector velocity, and jx is the familiar ratio 
of the circumference of a circle to its diame- 
ter. The last written equation is called Pois- 
son’s equation, and the function g which 
enters is called the gravitational potential 
and is required to be zero at infinity. 

These equations are written down because 
they serve to show how the appropriate lan- 
guage of the calculus and of 3-vectors yields 
the essence of a grandiose and extensive the- 
ory in extraordinarily abbreviated symbolic 
form. It will be especially instructive as we 
proceed to compare visually this symbolic 
form with the related symbolic forms of the 
other theories of gravitation. 

Physical, Philosophical, and Mathematical 
Difficulties. Despite the tremendous suc- 
cesses scored by the Newtonian theory, there 
are certain inherent difficulties which remain 
to be mentioned. 

Firstly, as noted above, there are delicate 
gravitational effects, just within observa- 
tional range, which the Newtonian law of 
gravitation does not account for. 

Secondly, certain natural philosophical re- 
quirements are violated by the theory. For 
example, this law assumes that gravitational 
forces are transmitted instantly, whereas 
elsewhere in nature it appears that inter- 
action between distant bodies is always 
propagated with finite velocity across the 
intervening space. Newton himself was 
aware of this grave difficulty of his theory. 

Furthermore, gravitational forces are de- 
clared to be merely superadded to the other 
natural forces. Thus gravitation appears as 
a kind of afterthought on the part of *the 
Creator ! 

Moreover, according to this theory, there 
might be a single rotating body. From the 
philosophical point of view, however, it ap- 
pears unreasonable to think that, if there 
were only a single body in the universe, it 
could be rotating. For with respect to what 
would it rotate? Nevertheless, according to 
Newtonian theory this could be the case. 

In what follows we shall merely mention 
similar general philosophical comments. The 
following fact should always be borne in 
mind in this connection: There are many 
plausible philosophical demands, and yet no 
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conceivable theory can satisfy them all since 
they are often mutually contradictory. 

Thus, for example, it is natural, on the 
one hand, to suppose that matter somehow 
conditions space. But it also appears almost 
inevitable to think of events as transpiring 
in an invariable framework of space and 
time. 

Under these circumstances it is wise to 
preserve a certain humility of spirit and not 
to insist too much upon specific philosophic 
requirements ! 

There are also some mathematical difScul- 
ties in the Newtonian theory, in particular 
as applied to the ‘‘particle’’ or the “cosmic 
dust” model. 

In the case of the model based on particles, 
the difficulty arises at collision. As long as 
only two of the mass points collide, it is pos- 
sible to determine mathematically the sub- 
sequent development of the system in a 
unique and natural manner. However, it 
appears that when three or more particles 
collide simultaneously, there is a mathemati- 
cal indeterminateness in the subsequent 
motion. Such indeterminateness seems ob- 
jectionable in a physical theory based on the 
concept of causation. From this point of 
view the particle model has an unquestion- 
able defect. 

Likewise the model based on the type of 
matter called cosmic dust presents its own 
special difficulties. In fact a dust cloud will 
from time to time overlap itself, when differ- 
ent parts interpenetrate; this would not take 
place if there existed elastic pressure. Even 


worse, a three-dimensional cloud of dust may 
be turned inside out as time elapses : Suppose 
that in a spherical cloud all of the points are 
moving towards the center with a velocity 
proportional to the distance from the center. 
The cloud would then condense to a point at 
a certain instant and continue as an expand- 
ing spherical cloud, but “inside out.” 

If, however, we introduce a homogeneous 
adiabatic fluid or gas, with a pressure p and 
density p which are functionally related as 
in a perfect gas, there wiU still exist a similar 
possibility of indeterminateness, namely 
when two portions collide at a relative veloc- 
ity more than twice the disturbance velocity. 

There is, however, an artificial kind of 
mass particle which avoids these difficulties. 
If we suppose that the force of interaction 
between two particles is one of mutual re- 
pulsion at small distances, then collision may 
be impossible. This would happen if, for 
example, besides the Newtonian force of 
attraction proportional to the inverse square 
of the distance, there were a further force of 
repulsion proportional to the inverse cube of 
the distance. 

Unfortunately, with this type of model, 
instead of the excessive perihelial advance 
which is found in the ease of Mercury there 
would be a regression. Furthermore the 
modified theory would be definitely less ele- 
gant than that of Newton, since the particles 
would no longer be characterized physically 
by their mass alone. 

(To he coTichided) 



THE AFRICAN ORIGINS OF THE AMERICAN NEGRO 
AND HIS ETHNIC COMPOSITION 

By M. F. ASHLEY MONTAGU 


It is the purpose of this paper to analyze 
and evaluate the available published material 
which relates to the African origins of the 
American Negro and his ethnic composition. 
While this is the principal purpose of the 
present contribution, some endeavor vrill be 
made, in the light of this material, to predict 
some of the possible trends which the ethnic 
composition and genetic development of the 
Negro population in the United States are 
likely to follow. Our first task will be to 
determine what is at present known concern- 
ing the origins of those Negroes who were 
brought to America from Africa. Our sec- 
ond task will be to determine the kind and 
the degree of the ethnic intermixture which 
the American Negro has undergone since his 
arrival upon these shores. 

PopiniiAB Beliefs 

It is a common belief that the American 
Negro represents a mixed population which 
was drawn from practically every part of 
Africa. Du Bois, for example, pointing out 
that the slave trade must have cost Africa 
in the vicinity of 100,000,000 souls, adds that 
^*Such a large number of slaves could be sup- 
plied only by organized slave raiding in 
every corner of Africa.” He goes on to 
make the comment, *^The natural desire to 
avoid a painful subject has led historians to 
gloss over the details of the slave trade and 
leave the impression that it was a local west- 
coast phenomenon and confined to a few 
years. It was, on the contrary, continent wide 
and centuries long and an economic, social, 
and political catastrophe probably unparal- 
leled in human history.” In a more recent 
work a very similar viewpoint is expressed, 
namely, in Edwin R, Embree’s Brown Amer- 
ica (New York, 1933). The author writes: 

Tie slavei were by no means of tmiform lineage. 
!Phey represented tribes as divergent as tbe several 
peopleB of Bnrope. They were captured from pro- 
vtoaes covering large parts of CSentral and Western 
AWesat Guinea, labe Ivory, Slave and Gold Coasts, a 


great part of wliat is now French West Africa, the 
vast stretches of the Niger Valley, the Cameroons, 
the Congo, and Benguela. Among them were Arabs 
and Moors from the northerly coasts, the small yel- 
low Hottentots from the South, and Bantu tribes 
from the equatorial regions, although most of them 
were the large-bodied blacks from the huge area 
called Guinea. For four centuries the great com- 
merce in slaves ranged over four thousand miles of 
African coast, from the Senegal River on the north 
to the southern limits of Angola, and reached up a 
thousand miles or more inland. 

The early manuscripts record the greatest diversity 
in the African peoples dealt with. . . . ' ’ 

While there may be some truth in claiming 
such a universal provenience for the African 
origins of the American Negro, the evidence 
at present existing by no means justifies such 
blanket claims. Far from being even par- 
tially solved, the African origins of the 
American Negro constitutes one of the most 
glaring of the unsolved problems relating to 
his history. The present writer has little 
doubt that, when the subject receives the 
attention it deserves, a claim such as that 
made by Embree will be found to be substan- 
tially justified, but until the evidence has 
been made available and critically examined, 
it were unwise to grant such a claim any 
status other than that which it deserves, 
namely, that of a reasonable supposition 
rather than a demonstrated fact. 

Historical Introduction 

Since the history of Negro slavery prior to 
the discovery of the New World is of some 
relevance for an understanding of the fac- 
tors relating to the introduction of the Negro 
into America after its discovery, a brief ac- 
count of that subject may be given here. 

Slavery as an institution in Africa itself 
appears to have been established long before 
the dawn of written history. The practice of 
intertribal raiding for slaves, and the trade 
in them, is a very old African institution. 
We know that the Egyptians, from the first 
to the last Dynasties, utilized Negro slave 
labor, and the facts all indicate that the 
5S 
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Egyptians themselves secured slaves by war- 
fare and raiding, and at other times obtained 
them by trade. It is quite clear that Gyrene 
and Carthage supplied Egypt with a contin- 
uous stream of slaves from Africa. It was 
only with the increase in the Fellahin class 
and the consequent supply of cheap labor 
that the amount of slave labor employed in 
Ptolemaic Egypt greatly declined. In Crete, 
Greece, and Rome, Negroes were enrolled in 
the army and were enslaved as domestic 
servants. 

The modern trade in slaves actually had 
its inception in the Mohammedan conquests 
in Africa in the seventh century of our era ; 
but it was not very much earlier, if at all, 
than the twelfth century that Negro slaves 
were expatriated from the continent of Af- 
rica. During the conquest of Spain and 
Portugal the Moors, from 1195 onwards, 
brought with them many Negro slaves. In- 
deed, it appears to have been the Moors who 
familiarized the Spaniards and the Portu- 
guese with the institution of slavery. Ex- 
cept for the fact that some Negroes appear 
to have been brought from Africa by some 
Spanish adventurers during the latter part 
of the fourteenth century, definite evidence 
of the arrival in Europe of Negroes as slaves 
from Africa is not available until the year 
1442, when Antem Gonsalvez, a Portuguese 
sailor, took back with him to Lisbon ten 
Negroes who had been seized at Rio de Oro 
on the northwestern coast of Africa. It is 
by some stated that these Negroes were pre- 
sented by Prince Henry to the Pope, while 
others state that they were sold at Lisbon, 
with the result that numbers of Gonsalvez ^s 
fellow-countrymen fitted out expeditions 
which, in the course of the succeeding fifty 
years, brought many slaves to the Hispanic 
peninsula. 

The historical and documentary evidence 
shows that a large number of expeditions for 
the purpose of securing slaves were made 
during this period. By the year 1474 in the 
Spanish city of Seville the slaves were so 
numerous that Ferdinand and Isabella nomi- 
nated a celebrated Negro, Juan de Valla- 
dolid, as Mayoral of Negroes in that city. 

With the accession of John to the -^rone 
of Portugal in 1481 the trafiSe in African 
slaves became a regular, though somewhat 


restricted, trade, for in that year the Portu- 
guese established a fort on the Gold Coast 
and commenced the regular shipment of 
slaves. Ports were also established along the 
coast of West Africa as far south as Angola 
near the mouth of the Congo River, the first 
slaves actually being drawn from the vicinity 
of the Senegal, Nunez, Benin, and Congo 
Rivers. By 1539 from 10,000 to 12,000 
Negroes were being sold annually, for do- 
mestic purposes, in the great slave market at 
Lisbon. A large proportion of these Negroes 
were very probably absorbed by miscegena- 
tion in the Portuguese population, in much 
the same manner as occurred later in other 
countries. However this may be, by 1502 
we find evidences of Negroes already well 
established in the New World chiefly on the 
island of Hispaniola (the island on which is 
situated the Republic of Haiti, and Santo 
Domingo), where they were for the most 
part employed in the mines. The precise 
date of the introduction of Negroes into His- 
paniola cannot be fixed, but it was probably 
some time between 1495 and 1500. These 
Negroes were imported from Spain and were 
Christians. But with the increased demand 
for laborers the sale of licenses for the im- 
port of “bozeP^ Negroes (or those direct 
from Africa) was initiated by Ferdinand in 
1513. That year may well be taken to mark 
the commencement of the Afro-American 
slave trade. 

Without having attempted any highly doc- 
umented history of slaving in Africa and 
Europe, we may none the less say with some 
degree of security (1) that slavery as an 
establi^ed institution over a wide area of 
Africa was known and practiced long before 
the appearance of the white man and (2) 
that in Europe itself the trade in African 
Negroes as slaves was practiced, in Portugal 
and Spain, for at least fifty years before the 
discovery of the New World. Thus, by the 
time that the importation of African Negroes 
as slaves into the New World began, the slav- 
ery pattern had already long been established 
among the Negroes themselves as a practice, 
if not as an institution, with which they 
were familiar. 

Among the discoveries of the New World 
the trade in slaves for the purpose of do- 
mestic labor, not to mention the <K»mmercial 
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profit, had but relatiyely recently become a 
strongly established and increasingly vigor- 
ous pattern of behavior. With the discovery 
of the New World the stage was therefore set. 
Firstly, there were in Africa millions of 
human beings who were aware of slaving and 
slavery as a custom which was to some extent 
practiced among all the tribes with which 
they were familiar, and who took it for 
granted that it was not only possible but 
even desirable to raid or make war against 
other tribes for the purpose of securing 
slaves. So that when the Europeans arrived 
in search of slaves they soon found that it 
was not war that they had to make in order 
to secure them, but gifts” — ^to the Kings, 
Queens, and Chiefs who were more than 
ready to supply the demand of the European 
‘Hraders.” Secondly, the impetus given to 
the demand for slave labor by the discovery 
of the New World came at a time when slave- 
trading had but recently assumed an organ- 
ized form as a branch of legitimate commerce 
and was — ^almost as if it had been timed — 
ready for the boom in human flesh. 

These two patterns of conditions serve to 
explain both the ease and the rapidity with 
which the slave trade grew. The fact that 
the African Negroes had been traded as 
slaves to Europe for some fifty years before 
the discovery of the New World serves to ex- 
plain the readiness with which the Euro- 
peans unhesitatingly accepted the sugges- 
tion, as soon as it was made, that the labor 
of Negro slaves was the solution to the first, 
and most immediate, economic problem of 
the New World. 

African Orioins of the American Negro 

For the purposes of this discussion the 
pr^nt limits of the United States will be 
taken as equivalent to what we shall under- 
stand by ‘‘America.” By Africa we shall 
mean the whole of that continent in all direc- 
tions of the compass. 

As Herskovits has pointed out, two ap- 
proiwjh^ are possible to the solution of the 
problem of the African origin of the Ameri- 
mn Neg^, the one historical and the other 
ethnological 

The historical approach must rely prin- 
jripally won documentary source relating 
tq fte slave trade, and seeondarfly upon the 
reOi^ed observations of traveiers. 


The ethnological approach relies upon the 
investigation of African culture traits among 
American Negroes and the tracing of them 
to their counterparts in Africa. It is obvi- 
ous that the ethnological approach forms, at 
least, a partial cheek upon the historical 
method. 

We shall deal first with the historical 
evidence, and finally with the ethnological 
evidence. 

Historical. Hispaniola, the island of 
Santo Domingo which today contains the 
republic of Haiti, was discovered by Colum- 
bus in 1492. There is an unconfirmed tradi- 
tion that Columbus brought two Negroes 
with him from Spain on his first voyage 
of discovery. Since Columbus experienced 
great difficulty in recruiting a crew, and 
since Negro slaves were abundant in the port 
of Palos from which he sailed, this is not un- 
likely. It is not certain when Negroes were 
first introduced into Hispaniola, but they 
must have been introduced very shortly after 
the second voyage in 1493, for a decade later, 
in 1502, we find Ovando, governor of His- 
paniola, petitioning “that no Negro slaves 
should be sent to Hispaniola, for they fled 
amongst the Indians and taught them bad 
customs, and never could be captured.” 

By the year 1520, four thousand Negro 
slaves were being imported annually into all 
the islands of the Greater Antilles (Cuba, 
Jamaica, Hispaniola, and Puerto Rico). 

When Negroes were first introduced into 
continental America is not absolutely cer- 
tain. The date is generally given as 1619 
when, as John Bolfe tells in his General His- 
torie of John Smith, “about the last of Au- 
gust came in a Dutch man-of-Warre, that 
sold us twenty negars.” This date seems 
surprisingly late, and will hardly appear 
credible to those who still labor under the 
impression that Columbus discovered North 
America. The fact is that the mainland of 
North America was first seen by John Cabot, 
in 1497, but no attempt at colonization was 
made by Europeans until 1562 when the 
French Huguenots established a colony at a 
site near the present town of Beaufort in 
South Carolina, and another, in 1565, in 
Florida. These colonies were soon ruined. 
In 1586 Sir Walter Raleigh made unsuccess- 
ful attempts to settle a colony of English in 
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Virginia at Roanoke in what is now North 
Carolina. It was not until 1607 that the 
first lasting settlement was made in Virginia 
by the English, but it was apparently not 
until twelve years after the settlement of this 
colony that the first Negro slaves were intro- 
duced, in 1619, into North America. Prom 
1569 to 1618 England's only connection with 
the slave trade was a thoroughly indirect and 
casual one, coming through the occasional 
capture of prizes carrying slaves. In the 
light of this fact, and the fact that the Vir- 
ginia colony was at the time twelve years old, 
it may be taken as reasonably certain that 
Negroes were first introduced into North 
America in the year 1619. If any Negroes 
were in existence in the colony before that 
date, they must have been very few indeed. 
Thus, the first Negroes to land in America 
did so exactly one hundred and twenty- 
seven years after Columbus discovered the 
West Indies and South America. During 
this period of time, the West Indies and Bra- 
zil had been steadily receiving increasing 
supplies of Negro slaves; at first, for a short 
period, Christian slaves from Spain, and 
simultaneously, and soon exclusively, ^‘pa- 
gans’’ from Africa. 

It may be that the Negroes landed from 
the ‘‘Dutch man-of-Warre^’ in Virginia in 
1619 were part of a prize taken by the Dutch 
somewhere in the West Indies, but for this 
there is no evidence, as there is none for the 
origin of these Negroes. On the other hand, 
it must be pointed out that from the year 
1611 on the Dutch had established themselves 
as slave-traders on the Gold Coast and the 
Gambia. It therefore seems most probable 
that the first Negroes to arrive in North 
America were imported by the Dutch from 
the Gold Coast, possibly from Mouree, where 
their first fort, Port Nassau, was built in 
1612. To the Gambia the Dutch had ac- 
quired access in 1617, so that it is also pos- 
sible that our Negroes came from this region 
of West Africa. By the middle of the seven- 
teenth century the Dutch had substantially 
displaced the Portuguese hold of almost two 
centuries upon that coast. The Dutch there- 
after carried on their activities from the 
Gambia to Angola, leaving the Portuguese 
to the Cape Verde and Gum Coast. 

It is desirable to point out here that dur- 
ing the two centuries of Portuguese domina- 


tion of the Gold Coast much intermixture 
occurred between the natives and the Por- 
tuguese, and it is said that this left a consid- 
erable impress upon the physical character- 
istics of the natives themselves ; so that it is 
possible that some of the Negroes who came 
to America had some Portuguese ancestry. 

After the sale by the Dutch of the first 
Negroes to arrive on these shores, the rate at 
which they were thereafter purchased is un- 
known. As early as 1630, eleven years after 
the importation of the first Negroes, the Vir- 
ginia colony found it necessary to provide 
for the public confession and whipping of a 
white man-servant for “defiling his body in 
lying with a Negro.’’ 

The period during which Negroes were im- 
ported as slaves into America lasted some 
240 years, from 1619 to 1860. 

The Portuguese, Dutch, British, and 
Prench slavers all traded from the coast of 
West Africa, and between the islands of the 
West Indies. 

As we have seen there is a general belief 
that the African Negro was brought to North 
America from almost every part of Af rica. 
Herskovits has strongly combatted this view, 
pointing out that both the historical and 
ethnological evidence agree in giving the 
American Negro a practically exclusive West 
African origin. A survey of the available 
evidence indicates that Herskovits is sub- 
stantially correct in his judgment that the 
vast majority of the slaves who reached this 
country came from West Africa. Certainly, 
slavery in Africa was a continent-wide prac- 
tice, but Herskovits points out, “Slaves cap- 
tured in the interior of West Africa or in 
the eastern part of the continent were much 
more likely to be taken to the native states 
of North Africa, to Egypt, or to Arabia than 
to be brought by way of the dangerous route 
overland to the West Coast and the slave- 
ships or to be transported by sea on the long 
journey around the Cape of Good Hope.” 

It is probable, nevertheless, that some 
slaves did reach the coast of West Africa 
from the interior, but if that was so we have 
no evidence either as to their numbers or 
their provenience. It must be remembered 
that the coast of West Af rica, from the Sene- 
gal to Arngola, extends for a distance of some 
4,000 miles. There is good reason bdieve 
that the density of the populations occupy- 



62 


THE SCIENTIEIO MONTHLY 


ing the coastal regions of this area was quite 
sufficient to supply the many millions of 
souls who were shipped from every part of 
this vast territory to the New World. All 
the names of native places and tribes men- 
tioned in the existing documents of the trad- 
ing companies are of West African coastal 
or near-coastal provenance. Similarly, 01- 
lendorps, a German missionary who was sent 
out to the Virgin Islands as an inspector of 
missions, and published a report in 1777, 
found that the tribal origins of the slaves 
could all be traced to peoples inhabiting the 
region from the Gambia Eiver to the mouth 
of the Niger. 

Ethnological, With respect to the ethno- 
logical evidence it may be said that this, in 
every way, confirms the above conclusion. 
Place names, tribal names, customs, lan- 
guage, and music gathered among the Ne- 
groes in the New World all point in the same 
direction, namely, to West Africa. 

We conclude, then, that the available his- 
torical evidence indicates that the Negroes 
who were shipped as slaves from Africa to 
North America were taken from the peoples 
whose original homes extended all the way 
from Senegal in the north to Angola in the 
south along the West Coast of Africa. 

Extra- African Origins of the 
American Negro 

Under this heading we shall briefly inquire 
into the origins of these African Negroes 
who found their way to North America in- 
directly from Africa. Such an inquiry is, 
of course, of fundamental importance for an 
understanding of the ethnic composition of 
the American Negro. Some interesting facts 
will be seen to emerge. 

We have already seen that Negroes were 
first brought to Europe during the conquest 
of Spain by the Moors in the latter part of 
the twelfth century of our era, and that up 
to the discovery of the New World at the end 
of the fifteenth century Negroes were stead- 
ily bdng imported into Spain. These Ne- 
groes came chiefly from North Africa, and 
some from the Bast Coast, and Madagascar. 
Those from North Africa appear to have 
come chiefly from the region of the Sudan 
in the northeast. Prom the northwest Eio 
di Oro, the Great Desert regions, Libya and 
the regions further south, the Arab slave 


routes led towards Morocco, whence the 
slaves were sold to all the Moslem states, to 
Asia Minor and Turkey, to Spain, and to 
Portugal. Essentially the same regions were 
later to be exploited by the Portuguese, 
chiefly for the Brazilian market. 

In Spain and Portugal much mixture must 
have occurred between Negroes drawn from 
very different parts of Africa, as also be- 
tween the Moors, the Spaniards and the Por- 
tuguese. We shall be justified in regarding 
the Negro population of Spain and Portugal 
at the end of the fifteenth century as an al- 
ready much mixed one. The point is impor- 
tant because the Negroes who were first sent 
out to the New World were drawn from 
Spain and later from Portugal. 

The number of Negroes who were exported 
to the New World from Spain and Portugal 
is unknown. A large number of them, as we 
know, were Christianized, but we find early 
references to some who were not, ^‘pagans,'' 
and interestingly enough, Berbers — in His- 
paniola in 1506. Since such mixed Negroes 
were later exported to most of the islands of 
the West Indies and to Brazil, and since 
some of these mixed individuals later found 
their way to the mainland of North America, 
however slight their contribution may have 
been to the ethnic composition of the Ameri- 
can Negro, it is a point which must be kept 
in mind in any discussion of that composition. 

With the discovery of the New World in- 
termixture between the Negroes and the in- 
digenes of the West Indies began almost at 
once. Thus, as we have already seen, in 
1502 we find the newly arrived Ovando, gov- 
ernor of Hispaniola, petitioning the Spanish 
Court ^Hhat no Negro slaves should be sent 
to Hispaniola, for they fled amongst the In- 
dians and taught them bad customs, and 
never could be captured. ’ ’ With the increase 
in the demand for slaves, Negroes were soon 
being shipped directly from Africa to the 
West Indies and Brazil, and it is here that 
the evidence becomes clear that, as far as the 
West Indies are concerned, very large num- 
bers of Negroes reached these islands who 
came from parts of Africa which were not 
restricted to the coastal regions of the west- 
ern part of that continent. 

In addition to the West Coast, the Portu- 
guese are known to have exported slaves to 
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the West Indies and to Brazil from Bast 
Africa, particularly Mozambique. 

Prom the Upper Congo above Stanley 
Pool, from the .Central Niger region, from 
Hausaland, and from the lower Congo, to- 
wards what is now Northern Rhodesia, slaves 
were drawn in great, but indeterminate num- 
bers. Slaves from these regions were being 
shipped to the Americas as late as the second 
quarter of the nineteenth century and, ac- 
cording to Torday, even later. 

While it seems clear that many Negroes 
were brought to the Americas from places in 
Africa besides the West Coast, it should be 
equally clear that, owing to the considerably 
greater remoteness of these parts from the 
Americas, appreciably fewer Negroes can 
have been brought from them than were 
brought from the West African coast. 

Thus, again we must conclude that the 
majority of the Negroes who reached the 
New World were predominantly of West 
African origin, but that there were also ap- 
preciable numbers among them who were 
derived from North-Central, South-Western 
and Bast Africa. It must be supposed that 
these Negroes were already very thoroughly 
mixed, among themselves and with the In- 
dians of the islands and of the mainland of 
Brazil, by the time most of them reached 
North America. 

It is known that many of the slaves im- 
ported into the English colonies came by way 
of the West Indies, and unquestionably some 
of these were of mixed blood. The mingling 
of Negroes and Indians, of course, occurred 
first in the West Indies. Interestingly 
enough, there seems to have been an appre- 
ciable amount of inter-island trading in In- 
dians and Negroes, and lots of the one were 
occasionally exchanged for the other. Thus, 
for example, Indians and Negroes were sim- 
ultaneously introduced into the Bermudas 
for the first time in 1616, the supply being 
continued through importation of Negroes 
from Africa and ‘‘redskins,” the latter 
sometimes in exchange for Negroes. Many 
of the colored people of Bermuda are said 
to show in their physiognomy the influence 
of the Indian type. 

Ethnic Mixture of the American Negro 

Prom the very beginning the American 
colonies held Indian and Negro daves. The 


principal effects of the relation between Ne- 
groes and Indians as fellow slaves has been 
summed up by Reuter : 

Slavery of the native Indians existed in a number 
of English colonies before the coming of the Negroes. 
Those captured in battle were in some cases sold into 
slavery in distant colonies. Others were kidnapped 
along the coast and sold as slaves in the more settled 
regions. . . . With these enslaved Indians the Negro 
slaves came into close and intimate contact. The 
social status was the same and as slaves they met on 
terms of equality. Intermarriage following and, as 
the body of Negro slaves increased and Indian slav- 
ery declined, the Indian slaves were graduaUy ab- 
sorbed into the larger black population. 

One of the most interesting results of In- 
dian-Negro contacts was the development of 
a regular slave-trade among certain Indian 
tribes. Thus, for example, the civilized 
tribes in the Indian Territory did an appre- 
ciable trade in Negro slaves. A government 
investigator in 1841 and 1842 reported that 
“Comanches steal Negroes sometimes from 
Texas and sell them to Cherokees and Creeks. 
The latter have been known to pay $400 and 
$500 for a Negro.” 

The available evidence indicates that mix- 
ture between Indians and Negroes has been 
of vastly greater proportions than has hith- 
erto been realized. 

At least two Indian tribes, the Creeks of 
Georgia and an offshoot of the latter, the 
Seminoles of Florida, were completely Afri- 
canized. The Seminoles, or “runaways,” 
treated their Negro slaves virtually as 
equals; and in the Seminole wars the In- 
dians and Negroes fought side by side. 

Negro-Indian mixture has occurred, to a 
greater or lesser extent, throughout America. 
Such intermixture has proceeded down to the 
present day wherever Negroes and Indians 
have come into contact. In recent years 
there has been some mixture between Negroes 
and Mexican Indian peons brought into the 
sugarbeet plantations in Kansas, 

Negroes look upon Indian ancestry as 
something of which to be proud. Thus, 27.3 
percent of the Negroes — out of a total of 
1.551 individuals — examined by Herskovits 
claimed some Indian ancestry. At the pres- 
ent time, however, no significant admixture 
of Negro and Indian stocks is in progre^. 

Negro-White Mixture 

Until the publication of Herskovits’s clas- 
sical studies the enormous extent of 
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white admixture was hardly realized even 
in the best informed quarters. At the pres- 
ent time it is still impossible to make any 
definite statement as to the number of Ne- 
groes in America who have some white an- 
cestry, and the number of whites who have 
one or more Negro ancestors. Census re- 
turns are of little value here owing to the 
arbitrary methods of classifying Negroes, 
Mulattoes, and whites. All that it is at 
present possible to say is that it is probable 
that the majority of Negroes have some white 
ancestry. According to the 1920 census some 
20.9 percent of the Negro population consists 
of Mulattoes. Writing as an anthropologist 
with genetical interests, the present writer 
would put that figure nearer 80 percent if 
we take the term Mulatto to refer to the pres- 
ence of some white ancestry in an individual 
of primarily Negro origin. This figure of 
approximately 80 percent is confirmed by 
Herskovits’s finding on a representative 
sample of 1,551 Negroes. 

The Negroes have from the earliest days 
mixed with aU classes of the white popula- 
tion, the mixture for the most part being 
between Negro women and white men. 

During the Colonial period, when white 
women were scarce, Negro women naturally 
received a great deal of sexual attention 
from the pioneer whites. During the period 
of slavery, the slave owners and their sons 
frequently made free of such Negro women 
as took their fancy. Thus, there was a 
good deal of mixture between ‘‘upper class’’ 
whites and Negro slavewomen. Up to the 
present time the polygynous relationship in 
which a white married man maintains a col- 
ored woman, and his children by her, persists 
in many parts of the United States. 

Actually, our knowledge of the relative 
frequencies with which members of the dif- 
ferent classes among whites are responsible 
for mi^egenation is quite unknown, but it 
Is a safe inference that all classy of the white 
population are involved. 

N^roid individuals from other parts of 
the New World have not entered America in 
very large numbers, but such as have entered 
have certainly l^n quickly absorbed in the 
American N^ro population, and there can 
lie little doubt that in certain localities, par- 
feiarl j m. the eastern aboard, ihey have 


of the Negro. That modification, however, 
has always been towards the Negro side of 
the balance rather than otherwise. But this 
is a matter upon which evidence is eonspien- 
onsly lacking. 

That the Negro population every year loses 
some of its members by “passing” of those 
who may “pass” for whites is certain, and 
although the number who do so is unknown, 
the proportion who are thus lost is probably 
negligible. “Passing” has little, if any, 
effect upon the physical character of the 
white population since an individual who 
passes from the Negro to the white group 
must genetically be considered white. The 
birth-rate of the Negro population so far ex- 
ceeds the death-rate that such losses by pass- 
iag can be considered to play no significant 
role in limiting the size of the Negro popu- 
lation. The physical character of the Negro 
population is, however, definitely affected by 
passing, for the “passers” were potential 
lighteners of skin color, and in that sense 
they represent a definite loss to the Negro 
population which, on the whole, prefers 
lighter skin colors to the darker ones. Since 
dark men tend to marry lighter women, it 
seems clear that the Negro population is des- 
tined to become stabilized around a skin 
color which is definitely “black” or dark- 
brown, though somewhat lighter, on the 
average, than that of the true West African 
Negro. 

The Ethnic Composition op the Negro 
Population Today 

The American Negro population of today 
is a composite of African, white, and Indian 
elements. The American Negro is often de- 
scribed as a hybrid. But a hybrid is the 
offspring of two distinct lines, and the 
American Negro is rarely, if ever, that. He 
is, on the other hand, the end-product of 
many lines. He is, firstly, a much mixed 
African who has, secondly, been much mixed 
with a large variety of whites — Spanish, 
Portuguese, Dutch, British, and French — 
and, thirdly, there has been a considerable 
addition to this admixture in the form of the 
New World and American Indian. The 
American Negro population, we may say 
with Her^ovits, 

eombinea th« traits of its ancestral racial types, and 
baa so blended them that any given feature is about 
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equidistant between the typical African feature, on 
the one hand, and the typical European and Ameri- 
can Indian features, on the other. We can therefore 
say , . . that the American Negro resembles all of 
his ancestral types, and yet is none of them. He is 
distinctive among human beings. Varied though 
American Negroes may seem to our untrained eyes, 
when we actually test the extent of this variation, we 
find that it is no greater than that found among any 
of the so-called ‘‘pure races’’ from which they have 
come. 

Reproductive DiFFERENTiAiiS and Prob- 
able Future op the Negro 

Census figures show that the Negro popu- 
lation has increased from 757,208 in 1790 to 
11,891,143 in 1930. The percentage of Ne- 
groes in relation to the total population in 
1790 was 19.3, whereas in 1930 that percent- 
age was only 9.7. 

This difference is, of course, not due to a 
decline in the relative fertility of the Negro, 
but reflects rather the disproportionately 
greater increase of immigrant whites into 
this country as compared with the compara- 
tively insignificant immigration of Negroids. 
Since immigration of whites is now much 
restricted we may expect a relatively marked 
increase in the numbers of the Negro popu- 
lation. Recent studies of the Negro popula- 
tion problem show that the Negro is now re- 
producing at a more rapid rate than the 
white. In 1930 the birth-rate of Negroes in 
the Registration area was 21.6 per thousand 
population compared with 18.7 for whites. 
The birth-rate of Negroes per thousand 
enumerated females in the reproductive ages, 
15 to 45 years, was 82.5 and that of whites 
78.4. The average number of children born 
to mothers who had been delivered of a child 
in 1930 was 3.6 for Negroes and 3,1 for 
whites. 

The Negro death-rate is everywhere in 
America higher than that of the whites. 
Thus in 1930 the death-rate per 100 persons 
was for Urban Negroes 22.8 as compared 
with 12.0 for whites, and for Rural Negroes 
17.0 as compared with 9.5 for whites. In- 
fant mortality is about 60 percent higher 


than that of whites. For the same year the 
total Negro death-rate was 16.92 as compared 
with 10.91 for the whites. 

As all investigators are agreed, the high 
Negro death-rate merely reflects the poor 
health conditions under which Negroes are 
for the most part forced to live. The mor- 
tality has been chiefly due to preventable 
diseases, and as soon as something is done to 
improve the health services and the condi- 
tions of life under which the Negro popula- 
tion struggles for existence, there can be 
little doubt that both the Negro and the 
white mortality rates will very appreciably 
decline. 

The reproductive tendency of Southern 
Mulatto families has been slightly higher 
than that of black families living in the same 
localities. 

The better socio-economic status of the 
Mulatto must here, on the whole, be held 
accountable for his superior reproductive 
tendency. 

The prediction of population changes is at 
best a hazardous affair. Too many variables 
are involved, and it is quite impossible to 
predict the future history of all these vari- 
ables with any degree of certainty. On the 
basis of certain assumptions, however, which 
have been made by Whelpton, a relatively 
greater increase is predicted for the Negro 
population between 1930 and 1980, when 
Negro females may increase by more than 49 
percent and white females at little less than 
36 percent. All students of this subject 
agree that a relatively greater increase of 
the Negro population is something which can 
be predicted with certainty, having regard 
to the observable trends in the variables con- 
cerned and of the Negro population itself. 
For the next hundred years, at any rate, it 
may be confidently predicted that the color 
of the Negro population will tend towards a 
more uniform distribution of the darker 
shades, so that we may expect a larger Negro 
population more uniformly dark-brown col- 
ored, or black,’’ than the present Negro 
population of America. 



POPULATION PROBLEMS OF A NEW 
WORLD ORDER 

By KARL SAX 


Promises of an abundant life and freedom 
from want for all peoples of all nations seem 
to be made with no consideration of agricul- 
tural production or population pressure. 
The universe may be expanding, but this 
world is not, and already many parts of the 
world cannot support the existing popula- 
tions at much more than a subsistence level. 
Man lived and multiplied on this earth for 
five hundred centuries before the population 
reached 850,000,000 people, but at the end 
of one additional century the world popula- 
tion had doubled. During the recent past 
the world population has been increasing at 
the rate of one percent a year, a rate which 
would nearly double the present population 
before the end of this century.^ There are 
now forty persons per square mile of land 
area in the world. The population density 
of the United States is almost exactly that of 
the world as a whole. Some parts of the 
world have high population densities; other 
areas are sparsely populated. In some areas 
the populations are growing rapidly, while 
in other regions the population is at a sta- 
tionary level. It is the differential popula- 
tion growth and density in various parts of 
the world that present difScult problems in 
establishing global unity so essential to world 
peace and security. 

I 

It is estimated by competent authorities 
that about two and one-half acres of arable 
land are needed to provide a hiunan being 
with essential food, clothing, and other neces- 
sities.® The total area of all crop land in the 
world is about four billion acres, according 
to Dr. H. H. Bennett, head of the United 
States Soil Conservation Service. The world 
population is now over two billion, so that 
the cultivated land per capita is only two 
amm. There is more land that can be culti- 
vated in many parts of the world, but most 

iB. Pearl, Natural Eistorp of IPopulaticm, 1939. 

®P. IL Brown, ''Land and Land Uae,^’ Science, 
83 s m-sm, im 


of it can be farmed only with diminishing 
returns or at a much greater cost of produc- 
tion. Many regions of the world are already 
overpopulated on the basis of domestic agri- 
cultural production. With the exception of 
Eussia, practically all the nations of Europe 
and Asia are no longer able to produce 
enough food to maintain adequate nutri- 
tional standards. The population of large 
parts of Asia manages to live on less than one 
acre of arable land per capita, but the masses 
do little more than survive and many do not 
even do that very long. Millions of acres 
have been exhausted by continued cultiva- 
tion and erosion, and no new acres are avail- 
able in these densely populated areas. The 
answer to the population problems of Europe 
and Asia would seem to be the proper distri- 
bution of either the populations or the food 
supplies of the world, but in practice this 
solution is not at all simple. 

When population pressure exceeds the 
food supply, as it does in many parts of the 
world, there are several paths of escape. The 
overcrowded nations of Europe have fol- 
lowed three methods. Industrialization and 
modern methods of transportation have en- 
abled these nations to maintain populations 
whose food requirements exceed their own 
agricultural production by importing food 
in exchange for manufactured products. 
Population pressure also has been relieved 
by the migrations of the people of Europe 
to the new nations of the Americas, Australia, 
and Africa, These two methods are possible 
only when other parts of the world can still 
support larger populations or can produce a 
surplus of food products. The third method 
followed by the peoples of Europe, in spite 
of legal and religious bans and the exhorta- 
tions of priests and politicians, is the artifi- 
cial reduction of the birth rate. Most of the 
European countries have reduced their birth 
rates during the past fifty years from over 
thirty per thousand to less than twenty per 
thousand. In fact, many of these countries 
England, Germany, Prance, Austria, and 
m 
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the Scandinavian nations — ^have had birth 
rates below replacement levels, and nearly 
all the others are rapidly approaching a sta- 
tionary or diminishing level of population. 
Of the countries of Europe, only the Slavic 
nations have anything approaching the nat- 
ural’’ birth rate of forty per thousand, and 
only Russia has agricultural resources to 
support a much larger population. As the 
socio-economic conditions improve in Russia, 
her birth rate too will decline. 

Population pressure in Asia is even greater 
than it is in Europe, but the nations of Asia 
have found no satisfactory solution. More 
than half of the world population lives in 
Asia, with little relief from population pres- 
sure by migration, industrialization, or birth 
control. Only Japan has developed indus- 
tries suflSeient to permit her to import a con- 
siderable part of her food supply. Indus- 
trialization and aggression have enabled 
Japan to double her population during the 
past fifty years, but the increase is main- 
tained only by low standards of living and 
long working hours. China and India have 
birth rates considerably higher than Japan’s 
thirty per thousand, but their populations 
have grown more slowly, because these coun- 
tries have been unable to provide for a rap- 
idly growing population. The Malthusian 
law operates with little restraint in conti- 
nental Asia. Population has increased faster 
than food supply and has been held in check 
only by famine, pestilence, and natural catas- 
trophes. 

Can the people of Asia meet the problems 
of population pressure? What are the pros- 
pects of increased food supply, migration to 
sparsely populated regions of the world, or 
reducing birth rates to the level of agricul- 
tural production? 

Pood production in Asia cannot be in- 
creased appreciably. Most of the agricul- 
tural land already is in cultivation and, 
owing to intensive cultivation, produces more 
per acre than our farm land. The farms are 
small, averaging two and seven-tenths acres 
in Japan, three and three-tenths acres in 
China, and a little more in India. Three- 
fourths of the population derives a living 
from agriculture.® Modern agricultural 

3 0. B, Cressey, '^Agricxdtural Eegions of Asia/^ 
Mwtu Geogt^ 10 ; 100 - 142 , 1984 . 


methods would result in little increased pro- 
duction, although they would release many 
people for the development of essential in- 
dustries. 

Industrialization of Asia can increase the 
food supply only so long as other nations are 
able to produce a surplus of agricultural 
products. The leading food exporting coun- 
tries are Russia, Argentina, Canada, and 
Australia. Russia, with her resources and 
modern methods of farming can export large 
quantities of food after the war, but if her 
birth rate remains at forty per thousand, 
Russia will, in another generation, require 
all the food she can grow. Improved socio- 
economic conditions in Russia probably will 
reduce the birth rate, but this will be offset 
by higher living standards. Argentina is 
able to export a third of the food she pro- 
duces, and Canada one-fifth. Europe alone 
will require most of the exports of both Aus- 
tralia and Canada. These and other food 
exporting countries can supply a consider- 
able agricultural surplus for some years, but 
most of them are growing rapidly and will 
have little surplus food for export in another 
generation. 

Emigration offers little hope for Asia, 
because most of the other regions of the 
world are already populated or controlled 
by the white races. It seems improbable that 
Australia, Canada, the United States, and the 
countries of South America will welcome 
large numbers of Asiatics with any greater 
enthusiasm in the future than they have in the 
past. Most of these nations will acquire their 
own optimum populations in a relatively 
short time, without the questionable benefits 
of Asiatic immigration. Certainly there is 
no moral reason why those nations which re- 
strain their birth rates to improve their 
standards of living should provide for the 
surplus populations of other countries which 
breed without consideration of the economic 
and social consequences. 

Invasion of neighboring countries, already 
overpopulated, provides no more Lebens- 
raum for the invader unless the peoples of 
the conquered nation are exterminated. 
Such a practice cannot be tolerated in a 
civilized world. Nor is there any biological 
justification for the myth of racial superior- 
ity, which has been used by the Nazis as an 
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excuse for their attempts to enslaye or exter- 
minate neighboring peoples and racial ele- 
ments of their own population. 

Let us assume that we can help feed and 
industrialize Asia and increase the standard 
of living. So long as birth rates of forty to 
fifty per thousand persist, the population 
will increase just as fast as food supplies and 
medical science will permit. The only ra- 
tional solution of population pressure in 
Asia is the reduction of the birth rate. But 
among both nations and individuals the 
practice of birth control tends to be limited 
to the more fortunate socio-economic groups. 
The social and economic conditions in Asia 
would seem to preclude any general practice 
of birth control, unless recent advances in 
contraceptive methods make birth control 
more generally available and practicable 
than is now the case. 

II 

Many misguided optimists believe that 
there will always be enough for all regardless 
of the number of people who occupy the 
earth. Such optimism is not limited to news- 
paper columnists, such as Dorothy Thomp- 
son, who assures us that there is ** enough for 
all’^ in this world of modern science. J. D. 
Bernal, a reputable English scientist, sug- 
gests that if we could convert coal and lime- 
stone into food materials ‘‘we should have 
enough food for a population thousands or 
millions of times that which exists at pres- 
ent/** An increase of one thousand times 
would establish a population density of 
40,000 persons per square mile of land sur- 
face of the world, while an increase of a 
million times would mean that there would 
be less than one square foot of land area 
available for each person I Nor is Bernal *s 
faith in agricultural science shared by those 
who know something about the subject. It 
is true that England can support one person 
per acre of cultivated land, but it can be done 
only by intensive cultivation, liberal use of 
fertilizer, an exceptionally favorable climate, 
and a low standard of living for a large part 
of the population. Her agricultural index 
of productivity is one hundred and seventy- 
mv&d comx>ared with the world average of 
B. Bepmal, The Stmai T'matkm of Soteme, 


one hundred, but this does not mean that the 
rest of the world can reach England's level 
of productivity. 

It is true that science has made almost 
incredible contributions in the field of com- 
munication, transportation, production, and 
labor-saving machinery. Scientists will con- 
tinue to work miracles for the benefit of man- 
kind, but it is improbable that they can do 
much to increase agricultural production. 
During the past fifty years, plant breeding, 
crop rotation, the use of fertilizers, pest and 
disease control, and the use of modern agri- 
cultural machinery have increased yields per 
acre by as much as forty to sixty percent in 
the United States. This is a remarkable in- 
crease, but it has been almost completely off- 
set by the deterioration of the natural soil 
fertility and by new problems in pest and 
disease control. According to the U. S. De- 
partment of Agriculture Yearbook for 1938, 
we are little more than maintaining crop 
yields at a stationary level in spite of remark- 
able advances in agricultural science. The 
same trend is true in other countries. Some 
nations have higher yields per acre than we 
do, but largely because of more intensive cul- 
tivation and less production per man. The 
American farmer cultivates an average of 
twenty acres ; in Belgium one man cultivates 
only five acres; and in China the average 
area cultivated per man, or woman, is less 
than one acre.® One-fifth of our population 
can produce sufficient essential food with a 
surplus for the “ever normal granary," but 
in China three-fourths of the workers are 
engaged in farming and produce only 
enough food for minimum needs, with little 
or no surplus for lean years. Whenever a 
large proportion of the population is re- 
quired to produce the food supply, the stand- 
ard of living for all is maintained at low 
levels. We could produce more food by more 
intensive cultivation and by using more sub- 
marginal land, but this could be done only by 
lowering the living standards of the entire 
population. 

Since the world population density is ap- 
proximately that of the United States, a 
further examination of our population and 
our resources is of particular interest. The 
United States is well endowed with natural 

^ East, at the Crossroads, 1926. 
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resources for a high degree of industrializa- 
tion and has large areas of fertile land for 
agricultural production, but in normal times 
we just about balance food imports with food 
exports and ship to foreign countries only 
about ten percent of our American-grown 
food. We can produce more food but not 
enough to feed many more people either here 
or abroad. According to the U. S. Depart- 
ment of Agriculture Yearbook, the present 
crop land area is somewhat more than four 
hundred million acres, but of this area about 
sixty percent is subject to erosion under cur- 
rent agricultural practices, or is too poor to 
farm at a profit. Half of this land subject 
to erosion or too poor to farm profitably 
should be retired from cultivation. Of the 
land not now in cultivation, less than fifty 
million acres should be used. Thus if we in- 
clude all crop land of any value which can 
be maintained in cultivation, the total is 
about three hundred and seventy million 
acres or less than three acres per person. At 
present, we use over three acres of arable 
land per person, and still we do not provide 
adequate food for a large part of our popu- 
lation. According to the Food Nutrition 
Board of the National Research Council, our 
pre-war diet was deficient by the following 
amounts: fresh vegetables fifty-nine per- 
cent; milk forty-five percent; citrus fruits 
and tomatoes twenty-eight percent; beans, 
peas, and nuts twenty-five percent; eggs sev- 
enteen percent and meat, poultry, and fish 
only four percent. Cereals were adequate, 
and there was an excess of fats and sugar. 
The deficiency of protective foods is largely 
a problem of economies, but these foods are 
expensive to produce and distribute. 

There may be a temporary solution of the 
food problem, without relying on the chem- 
ists to produce food from air, sawdust, and 
coal. Our normal diet consists of about forty 
percent animal products — ^meat, eggs, milk, 
and cheese. It requires six to eight times as 
much land to produce food in the form of 
meat and milk as it does to produce the basic 
cereal and legume crops. The reduction of 
animal products in our diet would release 
more of the basic food crops for human con- 
sumption. Recent work done at the Massa- 
chusetts Institute of Technology seems to 
show that the basic cereals and legumes, 


fortified with essential minerals and neces- 
sary vitamins, can provide an adequate diet 
without meat and milk or even without fresh 
vegetables and fruit. Such a diet would be 
as satisfactory as that enjoyed by the Euro- 
pean peasant or the Asiatic coolie, although 
it might be more monotonous. In normal 
times this basic diet should be supplemented 
with the usual foods we enjoy, but in an 
emergency it would provide more food for 
more people. 

Actually there is little need for the Occi- 
dental peoples to look forward to synthetic 
food supplies or a cereal diet. Their growth 
rate is becoming adjusted to agricultural re- 
sources, and with few exceptions those coun- 
tries with limited resources have reached a 
stationary or diminishing population. Re- 
cent trends in the United States indicate that 
our population will be stabilized at about 
one hundred and sixty million. It is only in 
the Asiatic countries that population pres- 
sure is likely to exceed any possible increase 
in food production. Is the Occidental world 
going to adopt Oriental standards of living 
in order to feed and industrialize the peoples 
of Asia? It seems premature to speak of 
raising the standards of living for aU races, 
when even the richest Occidental nations are 
unable to provide a reasonable standard of 
living for a large part of their own popula- 
tions. During the past year the exportation 
of only six percent of our food supplies to 
our allies and increased consumption of food 
by our war workers and soldiers have led to 
a food shortage in spite of the fact that we 
had bumper crops in 1942, 

m 

The decline in birth rates in the western 
world has done much to reduce population 
pressure, but it has raised other problems 
which threaten the internal security of these 
nations. The threat which disturbs political 
and religious leaders is the fear that their 
nation or their sect will be submerged by 
more rapidly breeding nations or religious 
groups. Prance is often cited as the horrible 
example of the consequences of birth control. 
Prance has long had an approximately sta- 
tionary population, but in the years before 
the present war Prance had a higher stabi- 
lized rate of natural increase in population 



70 


THE SCIENTIFIC MONTHLY 


than did Germany, England or the Scandi- 
navian countries. If all the countries of 
Europe had reduced their birth rates when 
Prance did, there would have been little ex- 
cuse for more Lebensraum, If manpower 
were the determining factor in war, a popu- 
lation race between Prance and Germany 
would mean the defeat of Prance, simply 
because Germany has resources to support a 
larger population, just as Eussia is destined 
to control all of Europe if she so desires. In 
a peaceful world there would be no need for 
expansion of population to the limits of sub- 
sistence, and each nation could maintain an 
optimum population level in accord with ade- 
quate living standards for all. Even in a 
world at war, a large population does not 
necessarily imply military might. China 
has at least five times as many people as 
Japan. 

In all countries in which the practice of 
birth control is prevalent, the differential 
birth rate between the different economic and 
educational classes is a matter of consider- 
able concern. The situation in the United 
States is typical of most Occidental nations. 
According to Lorimer et al,, in Foundation 
of American Population Policy ^ the urban 
white families with annual incomes of over 
$3,000 had a reproductive index of only 0.46, 
while those with earned incomes of $1,000 a 
year or less had about twice as many chil- 
dren. But the only class which exceeded 
replacement levels in 1935 were those on re- 
lief, with a reproductive index of 1.43. Does 
this trend indicate that we are approaching 
the conditions of a termite society in which 
a specific caste is maintained only for the 
purposes of reproduction! Even in normal 
times the third of our parents least able eco- 
nomically to raise and educate children pro- 
duce two-thirds of our future generation. 
The same trend is found in relation to edu- 
eatiom College graduate have relatively 
few chSdren as indicated by their reproduc- 
tive iiides: of 0.57, but those with less than 
% sevept# grade education have had a repro- 
ducfeFe inde^ of 1.18. Fortunately our rural 
Palliation has a considerably higher birth 
rafe, ton our urban groups 

; 'fflm to poorer and more 

m^b^;H of for the major 

-of our fetoe m not con- 


ducive to the best development of the indi- 
vidual or the nation. If poverty and igno- 
rance are the result of bad heredity, the 
excessive fertility of this group will result in 
the lowering of the average capacity of the 
population. If, on the other hand, the more 
unfortunate members of society are the re- 
sult of poor environmental conditions, the 
consequences are equally serious because 
such parents cannot provide a favorable en- 
vironment for their children. Actually both 
heredity and environment are responsible for 
individual development. Man is subject to 
the laws of heredity in both physical and 
mental development, but the relation between 
inherent ability and success is so obscured by 
environment that it is difficult to determine 
an individuaPs innate mental capacity. The 
mental defectives belong to a special cate- 
gory, and there is no question about their 
undesirability for parenthood. 

Why do those who are least able to feed, 
clothe, and educate children have much 
higher birth rates than the more able, or 
more fortunate, members of society? The 
late Dr. Eaymond Pearl, of Johns Hopkins 
University, has provided the answer based 
upon a survey of more than 30,000 women in 
urban maternity hospitals in the United 
States. Differences in birth rates among the 
various racial, economic, educational, and re- 
ligious groups are due almost entirely to 
differences in the prevalence and effective- 
ness of the practice of artificial contracep- 
tion, and to a minor degree to differences in 
age of marriage and the practice of criminal 
abortion. Among the rich and well-to-do, 
eighty-three percent of the mothers with 
more than one child practiced contraception, 
while among the very poor classes only 
thirty-five percent used, or attempted to use, 
contraceptive methods. Pearl’s detailed rec- 
ords show that these poor mothers had large 
families due primarily to ignorance of con- 
traceptive methods and to irresponsibility, 
rather than to a desire for many children. 
This conclusion is supported by a survey 
made by the Ladies^ Some Journal, in which 
it was found that practically all married 
couples want children and that nearly all 
want more than one, but that relatively few 
want more than four. 

Wm greatot enigma of this age of science 
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is the present status of the knowledge and 
practice of contraception. Public opinion 
surveys made by the Institute of Public 
Opinion and by the Ladies^ Some Journal 
show that more than three-fourths of the 
people of this country approve of the dis- 
semination of birth-control information by 
the medical profession and even of govern- 
ment-supported birth-control clinics. Dr. 
Pearl’s data show that the majority of mar- 
ried women practice, or think they are prac- 
ticing, some form of artificial contraception.® 
Yet our archaic laws prevent the dissemina- 
tion of reliable information and keep the 
$250,000,000 contraceptive industry on a 
semi-bootleg status.’*' This seems particu- 
larly inexplicable in view of the fact that 
religion is no longer an important factor in 
suppressing such information. Nearly all 
the Protestant churches approve of artifi- 
cially controlled birth rates, and in 1930 
Pope Pius gave at least implied approval of 
“natural” birth control.® Although the 
Catholic Church still opposes artificial con- 
traception, it is practiced by Catholics to 
about the same extent as it is by Protestants 
of s i milar economic and educational status. 

Both nations and families are confronted 
with the same problems. If they have more 
children than they can feed and educate, 
they are doomed to lower living standards 
and higher death rates and are handicapped 
in economic and cultural development. But 
if they do curtail birth rates they are in dan- 
ger of being overrun by the unrestricted 

6 Less than five percent of the contraceptors use 
methods recommended by most birth control clinics. 

7 ' ^ The Accident of Birth, ^ ’ Fortune, 17 : 83 - 86 , 
Eebmary, 1938 . 

sin Boston we are still told that birth control is 
against God's Law." 


breeding of their neighbors. The logical 
solution would seem to be the control of birth 
rates in accord with the national or family 
resources. At the same time, every effort 
should be made to insure equal opportunity 
for all. Only with equality of opportunity 
can the inherent capacities of all individuals 
be fully developed. 

The history of both empires and families 
seems to show that a relatively high degree 
of culture and economic success tends to be 
followed by degeneration or extinction, just 
as in evolutionary history those species 
which developed a high degree of specializa- 
tion often failed to survive, while more de- 
generate or more aggressive species survived 
and flourished. Evolution does not guaran- 
tee progress, but only change. Man has been 
able to control his environment to a remark- 
able degree, and there is no reason why he 
should not be able to control his social evolu- 
tion. But it cannot be done by abandoning 
rational thought and reverting to mysticism. 
We need more of the scientific method, par- 
ticularly in the field of social relations and 
human conduct. 

The control of the birth rate is an estab- 
lished feature of Occidental civilization, and 
it must be adopted by the Oriental nations 
if the problems of population pressure are 
to be solved. The world cannot remain half 
slave and half free in control of population 
growth. There is not enough for all in many 
parts of the world, and unrestricted popula- 
tion growth in these areas can lead only to 
aggression or to chaos. Unrestricted birth 
rates not only are a threat to world security, 
but also they involve the freedom of the 
individual. This freedom must be extended 
to aU classes and to all races if there is to be 
equal opportunity for all. 




SUNSHINE AND CLOUDINESS IN THE 
UNITED STATES 

By STEPHEN S. VISHER 

Sunshine is a dimatic factor of diverse of the sky. For example, stars on clear 
and profound significance, for it sharply nights make the sky beautiful, and scattered 
affects the amount of heat received by the clouds add to the beauty of a moonlit night, 
surface of the earth from the sun. Sun- Clouds add greatly to the beauty of dawn 
shine is also an increasingly recognized and sunrise, and of sunset and evening, 
health-giving influence. In parts of the Grey, overcast skies, on the other hand, re- 
world where sunshine is inadequate, at least duce all the colors of nature and have a de- 
fer a part of the year, human health is ad- pressing effect upon most persons. Studies 
versely affected. This is especially true of by Ellsworth Huntington indicate, neverthe- 
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children who fail to develop properly in less, that although most people prefer bright 
doudy areas unless the natural sunshine is weather following a cloudy period they usu- 
supplemented by “bottled sunshine” (fish ally accomplidi less work on a clear day than 
liver oils) or ultraviolet light. Bright sun- on a partly cloudy one. A long succession 
diine, however, may be harmful to various of clear days has a depressing effect, as is 
animals, especially insects, and to many ddi- evident from the sense of relief commonly 
cate plants, and sometimes to man. felt when douds return, as for example in 

The amount of doudiuess strongly affects southern California after the almost doud- 
thfi temperature by night as well as by day. less summer. 

In all seasons, doudy days are generally Within the United States there are notable 
croler than dear ones, but doudy nights are regional differences, and also sharp seasonal 
distinetly warmer than dear ones. This is contrasts, ia the amount of sunshine received, 
because the douds serve as a blanket. The The accompanying maps, based on official 
amount of doudiuess also affects the beauty Weather Bureau data gathered at the approx- 
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MAP 2. AVEBAGE PEECENTAGE OP SKY CLOUB-COVEEEI) BY BAY 


imately two hiindred first order stations, pre- more than 2,900 hours a year, which means 
sent various aspects of widespread interest, an average of more than eight hours a day. 

Map 1, of the annual average number of A considerable southwestern area receives 
sunny hours, shows that the Pacific North- ten hours a day, on the average. This map 
west and a part of the Northeast receive on shows a general decline northward in the 
the average less than 2,200 hours of sunshine amount of sunshine received per year, Ex- 
a year, or an annual average of less than six ceptions occur, however, in areas near the 
hours per day. Southern Florida and a Pacific Coast and near the Great Lakes, both 
large southwestern region receive, however, of which receive considerably less sunshine 
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MAP 4. AVEEAQE NUMBBE OE CLOUDY DAYS PEE YEAE 


than similar latitudes nearby. The southern year of the sky which is clond-covered by 
Appalachian Mountains also are relatively day. It will be noted that along the northern 
cloudy, as is implied by their popular name, Pacific coast and in a large northeastern 
^‘The Great Smokies.'’ The greater sim- region, the sky is half cloud-covered on the 
shine in the Southwest than in the Southeast average. In Florida it is cloud-covered more 
is due, of course, to its aridity. Map 1 is than a third of the day time, but in a large 
original, based on all the records of the first southwestern region it is cloud-covered less 
order stations to 1931. than one fourth of the day time. This origi- 

Map 2 shows the average percentage per nal map is based on the difference between 
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one Imndred percent and the published 
‘‘annual percentage of possible sunshine/^ 

Clear days (map 3) are twice as frequent 
in the Southwest as in the Northeast or 
Northwest. Indeed, in the Imperial Valley 
near the mouth of the Colorado Eiver, more 
than nine-tenths of the days are clear, while 
parts of the shores of the Great Lakes have 
less than one-fourth of their days clear. 
This map is a shaded copy of one by Klineer 
in the Monthly Weather Review for 1920. 

Cloudy days (map 4) occur only rarely 


in southern Arizona where Yuma has fewer 
than twenty per year. Moreover, on most 
of those that are cloudy the sun is seen either 
at sunrise or at sunset. To emphasize this 
fact, the Yuma hotel advertises that it does 
not charge its guests for board or room on 
any day that the sun does not shine. It 
very seldom fails to charge. In sharp con- 
trast to southern Arizona, several areas bord- 
ering the Great Lakes have on the average 
more than one hundred and sixty cloudy 
days a year, while in western Washington 
the number of cloudy days is greater than 
two hundred per year. This map is a re- 
drawing of one in the 1941 Yearbook of the 
Department of Agriculture, Climate and 
Man, (The Yearbook maps were made 
under the direction of J. B. Elncer.) 


Seasonal contrasts in sunshine are shown 
in maps 5-7, 5 and 6 of which are redrawn 
from those in the 1941 Yearbook. Map 5 
shows that in summer the eastern third of 
the country receives on the average less than 
ten hours of sunshine a day. The northern 
half of that eastern third receives fuUy as 
much as the southern half, partly because in 
the North the days in summer average more 
than an hour longer than in the South. The 
cloudiest eastern regions are in the Appa- 
lachians and northern New England, partly 


because of greater convection in mountain- 
ous areas. On the Pacific Coast there are, 
on the average, three or four fewer hours of 
sunshine per summer day than there are a 
short distance inland from the coast, much 
of this difference being due to fog. The 
Great Plains are notably less cloudy in sum- 
mer than the East or the Rockies, proving 
that the author of “Home on the Range^* 
was correct in his observation that there “the 
skies are not cloudy all day.^’ 

Map 6 shows that in winter the Great 
Lakes region and adjacent areas to the east 
and southeast receive less than four hours 
of sunshine during an average day, while the 
North Pacific coast receives only two to three 
hours a day. Florida is notably sunny in 
winter as compared with much of the Nortk- 




76 


THE SCIENTIFIO MONTHLY 



MAP 7. AVEEAGE EXCESS IN HOLES OF SUNSHINE OF SUMMEE OVEE WINTEE 


east, but tbe sunniest region is the South- 
west, with an average of 7 to 8.5 hours of 
sunshine per day. 

Map 7 shows the difference between the 
daily hours of summer and winter sunshine. 
This original map reveals that in Florida a 
summer day receives on the average only 
from two to three more hours of sunshine 
than a winter day but that near the Great 
Lakes the average for the summer is about 
six hours more than for the winter. Resi- 
dents of the Great Lakes Region naturally 
appreciate Florida’s sunshine in winter, but 
in summer they have about as much at home. 
The greatest regional contrast is seen in east- 
ern Washington, where the winter is very 
cloudy while the summer is almost as sunny 
as it is in southern Arizona. 

The final map, 8, shows the average num- 
ber of days per year of dense fog (based on 
the map in the 1941 Yearbook). It is seen 
that along the Pacific Coast twenty to fifty 
days have dense fog, but that in a broad 
western belt and in southern Florida fewer 
than five days a year have fog. The foggiest 
part of the East is Gape Cod, averaging more 
than sixty foggy days a year, but part of the 
Appalachians are almost as foggy. 

The influence of the Great Lakes on the 
mmmt of fe interesting. The area to 
^ and sonfteast of the Great Lakes 


has little fog, although it has relatively little 
winter sunshine (map 6). Fogginess is 
greatest for this general region, according to 
this map, to the west of Lake Michigan and 
Lake Superior. Another interesting detail 
shown is the greater fogginess along the 
lower Ohio River Valley and the Mississippi 
River Valley above the mouth of the Ohio. 
The Ozarks and the Black Hills also have 
evident influences, just as do the Appalach- 
ians, but effects of western mountain ranges 
are not evident. This suggests that the 
larger western valleys, in which most of the 
western Weather Bureau stations are situ- 
ated, normally are too dry for fog. How- 
ever, various lesser valleys at high elevations 
have much fog. 

Several influences conspicuously affect the 
distribution of sunshine and cloudiness. In- 
creased distance from the equator affects the 
length of day and the average temperature. 
In the north the relatively long summer days 
give more hours of summer sunshine hut, 
conversely, their shorter winter days mean 
relatively fewer sunny hours. As the ca- 
pacity of air for moisture is doubled or 
halved with each change of eighteen degrees 
Fahrenheit in temperature, the higher aver- 
age temperature of the South makes for more 
sundiine than in the North because of greater 
vaporization of the atmospheric moisture. 

f 
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As average temperatures decline sharply 
with increased altitude, there is a corre- 
sponding rapid decline in capacity for 
moisture, resulting in a general increase in 
cloudiness and fog in mountainous areas. 
Mountain cloudiness is also increased by 
convection. As the ocean and the Great 
Lakes are relatively warm in winter as com- 
pared with the nearby land, cloudiness and 
fog are greater over and near them, on the 
average, than inland. As cloudiness is a 
form of moisture, it declines on the average, 
with reduction in availability of moisture. 
Hence, between the ocean and the mountains 
there is more cloudiness than on the lee side 
of the mountains. This helps explain the 
relatively lesser cloudiness in the "West. 
Much cloudiness is caused by convectional 
disturbances, the most conspicuous example 
of which is the thunderstorm. Hence, where 
there is sufficient moisture and air disturb- 
ance to yield thunderstorms, cloudiness is 
increased. As the relative coolness of the 
Great Lakes in summer interferes with the 
development of local convection and often 
weakens approaching thunderstorms, this 
condition helps make the lake region rela- 
tively sunnier in summer. Thus, although 
the lakes increase cloudiness during the 
cooler months, they reduce it in hot weather. 


Although data on cloudiness at night is 
inadequate, it is known that the drier parts 
of the country which are relatively sunny by 
day are even more generally clear at night. 
This is because where the air is dry, escape 
of heat from the earth is rapid as the sun goes 
down. As a result, the local convectional 
currents which are required to keep the 
clouds suspended, die away. Then gravity 
draws the cloud particles down to warmer 
air levels where they evaporate. Very often 
in all parts of the country the clouds clear 
away as night approaches. This is least 
common in the humid regions where dew 
formation liberates much latent heat and 
thus retards the cooling of the lower air. It 
is most common where there is relatively 
little moisture in the lower air. 

Another contrast in cloudiness not shown 
by these maps is in the density of the cloud 
cover. In the drier regions the clouds are 
often thin while in the cloudier East and 
Pacific coastal areas clouds are often so thick 
as to be ‘‘leaden.’’ Indeed, in these cloudier 
regions many thinly clouded days are re- 
corded as clear by the Weather Bureau’s sen- 
sitive photographic instruments, which con- 
tinue to operate. However, on such days 
high thin cloud may cut out a considerable 
fraction of the ultraviolet light. 




SCIENCE ON THE MARCH 


Fob some time to come “Science on the 
March’’ will be the experimental section of 
The Scientific Monthly; that is, we will ex- 
periment with it as to form and contents. 
We have a definite objective for “Science on 
the March”; we wish to show a panorama 
of the advancing fronts of science in such a 
way that a scientist on one front may get an 
idea of the action on other fronts and anyone 
interested may get a bird’s eye view of the 
whole. If we could sit, like Zeus on Olym- 
pus, and see and understand all the diverse 
activities of science, we could approach our 
objective immediately ; but we are subject to 
human limitations and also to restrictions 
imposed by the war on the dissemination of 
scientifile information. So at present we 
shall have to present a peep-show instead of 
a panorama. The more information we get 
from the oflScers at the various fronts about 
the progress of their units, the more nearly 
shall we be able to present the desired 
panorama. — ^B ds, 

FOOD 

Throughout the world the great problem 
now is how to grow more food with less labor 
and materials. This involves related prob- 
lems on the kinds of food that should be pro- 
duced so as to get the greatest nutritive value 
with the least expenditure of time and effort. 
Then come the problems of food protection, 
preservation, and distribution. 

Research on food problems must now be 
devoted largely to answering pressing ques- 
tions, utilizing so far as possible the results 
of previous research and doing only the kind 
of experimental work that tells us “what” 
and “how,” but not “why.” For example, 
the study of the conversion of solar energy 
into food by the green plant must coast while 
we find out how to serve soy beans to replace 
meat. Practical short-term research on food 
thrives under organization and cooperation 
among different sx)ecialists : chemists, agron- 
omists, plant pathologists, entomologists, en- 
gmeers, and so om Thus we find the United 
States DepaaHanent of Agriculture bringing 
t<^eiher under the new Agricultural Re- 
seareh Administration most of the research 


bureaus of the Department, so that during 
the war period the broad practical problems 
can be more readily recognized and different 
specialists can be brought together to solve 
them. It is to be hoped that the more indi- 
vidualistic, long-term research problems will 
not be forgotten and will be given free rein 
after the war. 

Corn, One way to get more food without 
increase in labor is to grow plants or raise 
animals that are inherently more productive 
of foodstuffs than those previously employed, 
or to grow a higher percentage of the better 
yielding varieties than was done before. For 
example, by growing hybrid corn, which 
nearly always outyields the open-pollinated 
varieties, six bushels of corn may be obtained 
where five were produced before- According 
to the Department of Agriculture, the prac- 
tice of planting hybrid corn has expanded 
tremendously during the war. It is esti- 
mated that in the year 1942 about 630 mil- 
lion bushels of corn represented the bonus 
from the use of hybrid seed. Present re- 
search must deal with the problems of pro- 
duction of hybrid seed. What combinations 
of parent corn give the best seed for par- 
ticular areas ? 

But that is not all. If disease or insects 
should take a large proportion of the crop, it 
will have been to no avail to have used an 
inherently high-yielding hybrid. Hybrids 
differ in their susceptibility to disease and 
insect attack. So the corn breeders work 
with plant pathologists and entomologists to 
develop hybrids that not only have the de- 
sired agronomic characteristics but also are 
highly resistant to the pests that might at- 
tack them. In northwestern Ohio, where the 
European corn borer ‘has been prevalent, it 
would no longer be possible to grow corn 
commercially, if borer-resistant hybrids had 
not been developed. With the spread of the 
borer westward, Indiana and Illinois must 
revise their com hybrids to meet the threat 
of this pest from Europe. 

After corn is grown and harvested it must 
be stored for a time. In the granaries, wee- 
vils may attack it. To keep these pests under 
control it is necessary to gas the insects. 
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This is done by pouring or sprinkling upon 
the surface of the grain a volatile liquid 
which will trickle down among the kernels, 
evaporate, and pervade the whole mass with 
vapor toxic to the insects. The important 
ingredient of one new mixture is the same 
substance that is used for delousing soldiers^ 
clothing. Another promising liquid makes 
the eyes water, but it reaches the bugs. Still 
another is a liquid that is used primarily in 
the production of one of the synthetic 
rubbers. 

Milk, What is true of com is in part true 
of cows. It is desirable to increase milk pro- 
duction because milk is a protective food 
which in many areas can be produced more 
efficiently than meat. We can get more milk 
without having more cows by replacing low 
producers with high producers. As the sci- 
ence of plant breeding leads to a greater 
yield of corn, so the science of animal breed- 
ing can increase milk production. Accord- 
ing to the Department of Agriculture the 
average production of the dairy cows of the 
United States is 4,700 pounds of milk per 
year. The more select cows of the Dairy 
Herd Improvement Associations yield almost 
twice as much on the average. Thus the 
possibility of great improvement in the gen- 
eral average of milk production is obvious. 
Eesearch in animal breeding has shown that 
it can be brought about by the use of proved 
bulls for propagation of dairy herds. The 
inheritance of a good bull can be greatly 
extended by the use of artificial insemination. 

Eeports on some aspects of the British at- 
tack on the problem of milk production, de- 
scribed below, are condensed from a sum- 
mary by Professor John Hammond, P.E.S., 
physiologist of the Animal Nutrition Insti- 
tute, University of Cambridge, and PeUow 
of Downing College. 

The marked variation in seasonal produc- 
tion of milk in England has made it neces- 
sary to limit its consumption to an average 
of two pints per week per person during the 
late autumn and winter months. This sea- 
sonal shortage occurs because in winter many 
heifers and young cows do not go through the 
physiological cycle necessary for becoming 
pregnant. Injections of stilboestrol, a syn- 
thetic sex hormone, was suggested as a 
remedy but it proved to be infective. 


On the other hand, mjections of prepara- 
tions of horse anterior pituitary gland or 
pregnant mare serum hormone (P.M.S.) 
have been shown to be very effective. Since 
supplies of these substances came mainly 
from France, Denmark, and Holland, steps 
had to be taken to obtain local supplies. 

Large numbers of small wild ponies, in 
which the concentration of P.M.S. hormone 
is higher than in larger horses, were avail- 
able in Wales and the New Forest in Hamp- 
shire, but, as the dates of service were un- 
known, an accurate method of determining 
the stage of pregnancy was required. The 
method of rectal palpation of the uterus was 
satisfactory, and supplies of serum were col- 
lected and prepared for use. 

The effects of P.M.S. hormone on a cow 
depended on the stage of the physiological 
cycle of the animal at the times of the injec- 
tion. When an injection of P.M.S. hormone 
was made in early or mid-cycle, no ovulation 
occurred. If an injection was made towards 
the end of the cycle, several follicles ripened 
and all ovulated together. By adjusting the 
time and dose, twin and triplet calves have 
been obtained, but the frequency of sterile 
female calves (freemartins) and males, 
which are not wanted by the dairy industry, 
is thereby increased. For the beef industry, 
however, it would be desirable to get as many 
sound offspring per cow as possible. There- 
fore injection of P.M.S. hormone may become 
commercial practice in England when the 
supply of feeding-stuffs for beef cattle again 
becomes normal. 

Somewhat similar results have been ob- 
tained with sheep, but goats, however, can be 
caused to become pregnant outside of the 
normal mating period by one injection of 
P.M.S. hormone. Such injections have been 
found useful to increase the winter milk 
supply. Maiden goats can be brought into 
milk within the space of a few weeks by 
treatment with a cheap synthetic sex hor- 
mone, such as stilboestrol. 

P.L.C. 

SYNTHETIC SEX HORMONES 

Sutetances that influence the reproductive 
cycle in animals are known as sex hormones 
or oestrogens. According to John Ha^y- 
Mason of Cambridge Universiiy, England,, 
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tkey are secreted by the anterior lobe of the 
pituitary gland (gonadotrophic hormones) 
and by the sex glands themselves. Male sex 
glands secrete testosterone and oestrone, and 
female glands produce oestradioL 

The gonadotrophic hormones are, as it 
were, the prime movers; passing from the 
pituitary into the bloodstream, they cause 
the gonads to produce their respective secre- 
tions. If these hormones and the hormones 
of the sex glands could be made in the labora- 
tory, the way would be cleared for treatment 
of reproductive disorders in man and ani- 
mals, and for modification of the repro- 
ductive cycle of animals to suit the needs of 
man. Much chemical research has been done 
in England and other countries on the de- 
termination of the molecular structure of 
natural sex hormones and on the building of 
identical or similar synthetic molecules. The 
structures of the gonadotrophic hormones 
are still unknown, but those of some of the 
sex gland hormones are now understood and 
oestrone has been synthesized. 

Since the synthesis of sex gland hormones 
is a matter of great difficulty, two British 
organic chemists have been working on syn- 
theses of compounds that have some simi- 
larity to the known structure of the female 
hormone, oestradiol, hoping to produce some 
substances that will have the same physiolog- 
ical effect as oestradiol and at the same time 
will be commercially feasible to produce. 

Injecting their S 3 ?Tithetic compounds into 
femie mice and observing whether pro- 
liferation of the cells lining the vagina oc- 
curred, they found that one compound, 
which is called stilboestrol, had almost the 
same effect as the natural oestradiol. Stilboes- 
trol, the full chemical name of which is 4 : 4' 
dihydroxydiethylstilbene, can be quite read- 
ily synthesized in five stages from easily 
available materials. 

Application of stilboestrol for increasing 
milk production in goats was noted above. 
This compound and a similar one, called 
hexoestrol, are now widely used clinically in 
sexual disordei^ of women and, according to 
Harley-Mason, have proved highly sue- 
c^sful. 

A derivative of stilboestrol, known as di- 
otbylstilbo^trol, al^ originate in England- 
. ^Lfopaeding 1o the United States National 


Cancer Institute, diethylstilboestrol may be 
useful for treatment of cancer of the prostate 
gland. Since experiments so far made with 
it have not always cured the disease nor even 
given temporary relief from pain and other 
symptoms, it would be premature to say that 
diethylstilboestrol is the answer to this prob- 
lem. 

F.L.C. 

THE JOHNS HOPKINS UNIVERSITY 
SCHOOL OF MEDICINE 

Science marches on many fronts — in the 
study or the laboratory of the recluse, in the 
shelter of university halls, in the industrial 
laboratory, in the association of scholars as a 
school, an institute or a foundation. Medical 
science in America has never marched with 
higher purposes or greater strides than at 
The Johns Hopkins University School of 
Medicine, which has recently celebrated the 
fiftieth anniversary of its founding. 

The Johns Hopkins University opened its 
doors to students of the arts and sciences in 
1876, and the doors to the School of Medicine, 
in 1893. In the establishment of the uni- 
versity, and of the school of medicine as well, 
a new note was struck in American education 
and medical science. The whole institution 
was dedicated to research and scholarship on 
the highest possible plane; it was a place 
where the most promising young scientists 
would work under the most eminent scholars. 
The standards set by this institution during 
the first twenty years of its existence trans- 
formed the ideals for graduate schools in 
American universities. 

The Johns Hopkins University School of 
Medicine was not the result of an inspiration 
speedily executed. It was contemplated 
from the opening of the University in 1876; 
the first definite steps toward the organiza- 
tion of a medical faculty were taken by Pres- 
ident Daniel C. Gilman in 1884, and the Uni- 
versity Hospital was opened in 1889, but the 
School of Medicine was not formally opened 
until six years later. In this long interval a 
department of chemistry was established 
under Ira Remsen; William H. Howell was 
appointed Professor of Biology; and William 
H. Welch, Professor of Pathology, began to 
organize broad courses in bacteriology, pa- 
thology and related fields. Preparatory to 
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opening the School of Medicine in 1893, Dr. 
Welch gathered around him such men as 
William T. Councilman, FranMin P. Mall, 
Simon Plexuer, William Osier, Howard A. 
Kelly, and John J. Abel and recalled Wil- 
liam H. Howell from Harvard. These are 
great names in American Science. Council- 
man, Mall, Flexner, Abel, and Howell were 
members of the National Academy of Sci- 
ences; Welch was its president during 1913- 
1917. Welch, Flexner, and Abel were elected 
to the presidency of the American Associa- 
tion for the Advancement of Science. 

For the first time in American medical 
education all professors conducting pro- 
clinical courses were devoting their ‘‘entire 
time and strength,” to use President Gil- 
man’s words, to their work as scientists. In 
other institutions courses in medicine were 
given almost entirely by practicing physi- 
cians. The new methods were later extended 
to the major clinical departments. This in- 
novation at The Johns Hopkins University 
School of Medicine spread until it revolu- 
tionized medical education in this country. 
As early as 1902, only seven years after the 
School of Medicine opened its doors to stu- 
dents, Charles W, Eliot, President of Har- 
vard University, speaking at ceremonies on 
the retirement of President Gilman, said : 

The twenty-five years just past are the most ex- 
traordinary twenty-five years in the whole history 
of our race. Nothing is done as it was done twenty- 
five years ago; the whole social and industrial or- 
ganization of our country has changed, hut among 
all the changes there is none greater than that 
wrought in the development of medical teaching and 
research; and these men whom you, sir, summoned 
here have led the way. . . . Among the achievements 
of Johns Hopkins University in the last twenty-five 
years, let this improvement of medical teaching be 
counted as one of superb beneficence. 

Measured by dry statistics, Tbe Johns 
Hopkins University School of Medicine has 
given the degree of Doctor of Medicine to 
2,918 men and 361 women. This is indeed a 


considerable army of medical men and wo- 
men, but they have not been an army of pri- 
vates keeping weary steps to beating drums. 
On the whole they have been high officers, 
moved by more varied and richer tones, who 
have led the medical forces of a continent to 
unexpected heights. The effects of the wis- 
dom and the pursuit of the high ideals of Gil- 
man and Welch and their many associates 
today reach directly and indirectly not only 
throughout our land but into all of our far- 
flung battlef ronts. 

F.E.M. 

ROACHES 

The prevalent method for wiping out an 
infestation of German roaches is to distribute 
a powdered insecticide in or near the cracks 
in rooms inhabited by these pests, A suit- 
able powder properly applied will extermi- 
nate the insects in a few days, but powder 
deposits are untidy. Moreover, one of the 
preferred ingredients is temporarily difficult 
to obtain and the other is thought to be a 
menace to health when used in kitchens 
where the little dark-brown roaches are most 
numerous. 

A neater and safer, but slower, method of 
roach control, was recently demonstrated by 
the inventor. For his demonstration he 
chose an infested kitchen. He filled ordinary 
test tubes with a weak solution of boric acid 
in water, plugged the tubes with absorbent 
wads, and distributed them inconspicuously 
in the kitchen. In about three days dead 
roaches were seen on the floor and at inter- 
vals for several days thereafter bodies of ad- 
ditional casualties were swept up until the 
kitchen was practically roach free. In prin- 
ciple : the roaches must drink water ; unable 
to distinguish boric acid solution from tap 
water, they imbibe the former finely from 
the wet plugs of the test tubes. And so they 
meet an unnatural but timely end. 

G. S. Baenhaet 
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MAN AND SOCIETYi 

The book consists, as explained in the snb- 
title, of ^‘observations and reflections on 
man’s nature, development and destiny.” 
Its contents are presented in three parts, the 
first of which deals with the human species, 
its subdivisions and evolution; the second 
with individual development and heredity; 
and the third with a general philosophic dis- 
course on a multitude of subjects which lie 
close to the heart of anyone who ever won- 
dered about man and society. The book is 
written in a smooth, readable style and is 
apparently intended for the average non- 
scientific reader. 

Professor Conklin is well known to many 
sections of the reading public. His scientific 
work in embryology occupies an important 
place in the development of American sci- 
ence, and his long career as professor at 
Princeton University has earned for him a 
worthy niche in the teaching of science. 
Aside from this, Professor Conklin has per- 
formed valuable service as president of the 
American Philosophical Society and has been 
useful in inspiring many scientists with re- 
spect for and even interest in social and 
philosophical problems, an inspiration badly 
needed in an age which extolled technical 
specialization and regarded with suspicion 
all concern with cultural and philosophical 
questions. 

And yet, in spite of the author’s record, 
the book is far from being satisfactory and 
suffers from many defects common to the 
efforts of many biologists who venture to 
write on the subject of what man is. To 
begin with, biologists seldom pay adequate 
tribute to anthropological findings. Stress- 
ing as they do the biological aspects of Homo 
sapiem^ they emerge with biological material 
which is very interesting but hardly relevant 
to man^s uniqueness. Pew scientists who 
have devoted much thought and research to 
this question can fail to reach the conclusion 
that the distinctly human aspects of man 
can be described far more stimnlatingly and 

Edwin Grant GonMin. 

IddiS. CSiarles Scribner’s Sons. 


soundly by anthropological data of culture 
patterns, their origin, diversity, spread, and 
disappearance, than by a study of embryol- 
ogy or even genetics. Yet few biologists 
have shown awareness of this point and most 
continue to talk of man in terms of the zoo- 
logical sciences. 

As a result of such oversight, when philo- 
sophically minded writers on biology come to 
discuss, as does Professor Conklin in the lat- 
ter part of this volume, the question of 
human values, religion, the role of tradition, 
humanitarianism, militarism, racism, or es- 
capism, all they have to offer is personal 
judgments eked out of subjectivity and pos- 
sessing no roots in evidence even of a con- 
troversial nature. To add to the futility of 
such intellectual ruminations, the discussions 
are usually repetitions of what has been 
heard hundreds of times before and contain 
no new stimulation or challenge. 

Most of the philosophical problems raised 
in Man^ Beal and Ideal are stale. One may 
venture to say that few of them will seem 
new to any reader, regardless of how average 
he may be and how interested he may be in 
reading books with a title such as this one. 
Even the subject of the meaning of religion 
to man is handled with a timidity which is 
reminiscent of the last decades of the nine- 
teenth century when people who arrogated to 
themselves the label of the vanguard of prog- 
ress declared faith to be the “opium of the 
people.” Surely anthropology and the his- 
tory of science and ideas in our own culture 
have much to say on this subject and reach 
different conclusions. The evidence for or 
against the validity of this slogan, inscribed 
on the walls of the Red Square in Moscow in 
the early days of enthusiasm, can be weighed 
in the light of historic and social data requir- 
ing no apologies or hedging. 

Even from a strictly biological angle it is 
possible to write a general book on man and 
bring out some salient scientific problems 
which are relevant to onr understanding of 
the subject and which stimulate the mind. 
Yet from this point of view as well, Man, 
Bead and Ideal can hardly be considered suo- 
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cessfiiL The mystery of development which 
it presents sketchily is not sufficiently linked 
to human conduct to make it stimulating. 
The physiology of sensation, a far greater 
and more basic mystery so far as human be- 
havior is concerned, is untouched. Evolu- 
tion is discussed, but in terms of orthodox 
natural selection without taking cognizance 
of the major difficulties it is still confronted 
by and the newer experiments and ideas 
bearing on its limitations and possibilities. 

As a result of these omissions, the book 
makes for smooth but superficial reading. It 
is difficult to see how the reader can carry 
away even one stirring thought on the sub- 
ject of man which would make him feel that 
he has learned anything. One cannot disa- 
gree with Professor Conklin ^s ideas, his social 
values, or judgments. The book radiates a 
humanitarian and democratic social philoso- 
phy, a broadmindedness often lacking in 
such subjective accounts. Consequently 
there are no jarring and impassioned false- 
hoods, no perversions of truth because of 
fanaticism or over-enthusiasm. But these 
virtues are not sufficient to cover its inade- 
quacy in substance. 

Maek Geaxjbaed 

BIOLOGY OF THE ITCH MITE* 

Tms is a timely volume on the itch mite 
of man, by an author who has contributed 
much to our knowledge of this obnoxious 
parasite. Beginning with a consideration 
of the 3nites in general, the author then 
reviews the very early literature on the itch 
mite, starting with the seventeenth century. 
In so doing he gives reproductions of many 
figures published by the early workers, some 
of which are very quaint, even fantastic. 

In the latter part of the volume the reader 
finds an extended treatment of our modern 
knowledge of the biology and anatomy of 
this mite, which, surprisingly, is referred to 
as Acarus scabieL This is done notwith- 
standing the fact that in opinion 113, of the 
International Commission on Zoological 
Nomenclature, the time honored generic 
name of Sarcoptes was declared the proper 
one for scahiei. 

Studies of the biology of the different 

* Biology of Aearus ScobieL Eeuben Friedman. 
Illnstrated. 183 pp. 1943. $3.00. Froben Press. 


forms of Sarcoptes have revealed a very in- 
teresting picture from the standpoint of 
taxonomy and evolution. All the forms of 
Sarcoptes which occur on man and domestic 
animals are anatomically so nearly alike that 
the slight differences between them, if and 
when present, are almost completely con- 
cealed by individual variations. Yet each 
of these forms is to a certain degree specific 
in its host relationship. The situation is 
very similar to that of geographical racia- 
tion, where the morphological differentiation 
is but slightly indicated. Possibly the term 
^^host raciation’’ could be applied with pro- 
priety to it. The method of attack of the 
itch mite of man is very different from that 
of any other mite which attacks him in that 
the female tunnels under the surface of the 
skin. This is in sharp contrast to the method 
of attack by chiggers. They do not penetrate 
the skin but attach themselves to it by means 
of their chelieerae, in the manner of a tick. 

Although no bibliography accompanies the 
text of this book, many footnote references 
are given to the literature cited. 

H. E. Ewnsru 

MICROBIOLOGY FOR NURSES* 

With the creation of the United States 
Cadet Nurse Corps by Congress near the 
close of the last session it is only natural to 
find a marked increase in the number of text- 
books in the field of nursing : new books and 
revised editions. This textbook belongs un- 
der the latter designation, being the third 
edition of a book enjoying a rather wide 
adoption. 

The material covered is divided into two 
parts: first, the general principles of infec- 
tion, resistance, and disinfection; second, 
microorganisms of medical importance. In 
the preface the author indicates certain fea- 
tures which have been retained or introduced 
for a specific purpose. One of these is the 
practice of indicating in the body of the text 
the derivation of technical terms. This is of 
undoubted help to the student, although it is 
well known that the derivation of a word 
does not necessarily convey its present mean- 
ing. An extension of this treatment to the 

* Microbiology. A Tesstbooh for Wmses. EoyaE 
M. Galder. Third Edition. Ifiustrated. 31f ppu 
$2.50. 1943. W. B. Saimd^ Company. 
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terms of pathology as well as those of micro- 
biology would be of further use, bearing in 
mind that in most instances the students 
haye just finished high school. 

The discussion of the hypersensitive state, 
including anaphylaxis and serum sickness, 
in the chapter “Mechanisms of Bacterial 
Pathogenicity^^ is distinctly out of place but, 
unfortunately, this topic is nowhere given 
adequate attention. The nonspecific defen- 
sive mechanisms of the body are very briefly 
treated. Surely inflammation should be con- 
sidered among them, together with the ac- 
tivity of the fixed phagocytes of the tissues. 
Phagocytosis is taken up only as an intro- 
duction to the descriptions of the opsonins. 
In the discussion of the antigen-antibody 
complex and its application to skin tests, the 
general statement that “whenever antigen 
and antibody come into contact with each 
other in the presence of living body cells, 
damage is done,” is immediately contra- 
dicted by the explanation of the Schick and 
Dick tests. The chapters on the destruction 
of bacteria are clear and well planned. The 
discussion of the use of steam under pres- 
sure, however, is inadequate. The erroneous 
impression that “15 pounds pressure for fif- 
teen minutes” are sufficient for sterilization 
can hardly be avoided. Under ‘ ‘ intermittent 
heating,” no mention is made of the fact 
that the materials being treated must be able 
to support growth if spores are to develop 
into vegetative cells during incubation. The 
author’s insistence on the use of tincture of 
iodine, and not alcohol alone, for skin disin- 
fection, and of cresol for the disinfection of 
thermometers is to be highly commended. 

The common and important pathogens 
have been included in the second part of the 
book. In each chapter, the special nursing 
problems incident to the disease in question 
are listed. The segregation of the venereal 


diseases in a separate chapter is open to some 
question. If this is done, to be consistent the 
respiratory as well as other types of disease 
should be classified similarly. The discus- 
sion of food poisoning seems out of place in 
the chapter on Clostridia. 

There are a number of errors in the book, 
of which the following will suffice as an ex- 
ample. Surgical removal of the infected gall 
bladder never “sterilizes” the intestinal 
tract. Better integration of clinical and 
pathological findings with bacteriological 
data would prevent the impression given on 
page 215 that laboratory tests constitute the 
final diagnosis of such diseases as syphilis. 

The book is exceptionally well printed, 
well bound and of a convenient size. 

Malcolm H. Soule 

ANIMALS OF THE ROCKIES* 

A busy twenty-two years among the large 
game of the Western United States gives a 
forest ranger, who liked his job and did it, 
background for a most engaging book. 

The author took every advantage of his 
opportunities to observe these creatures and 
he knows how to tell about them. In thirty- 
five chapters the reader meets personally 
bears, comic and terrible; elk, single and in 
herds; deer, antelope, mountain sheep and 
goats. 

He encounters bankers and buffaloes, 
catches poachers, doctors sick wild deer, finds 
a lost herd of thousands of antelope. 

This is a spendid book, replete with inti- 
mate facts about the animals and told in a 
manner that makes one want to keep on 
reading. 

The photographs taken by the author are 
a fitting accompaniment to the tales. 

William Mann 

* W%ld Animals of the ItooTcies — Adventures of a 
Forest Banger. William Marshall Rush. Illustrated, 
ix + 296 pp. 1942. Harper & Brothers. 
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SCIENTISTS IN WARTIME 

By GEORGE A. LUNDBERG 


What should scientists do in wartime ? In 
general, and as far as possible, they should 
go about their business as scientists. I agree 
with President Hutchins’ recent statement 
to faculty and trustees of the University of 
Chicago : 

... I believe that anybody who is good enough 
to be a member of this faculty is too good to be ex- 
pended in Washington or the Army. I do not deny 
that there are many special cases — ^the cases of men 
with peculiar qualifications for specific positions 
which only they can fiU. Such men we must sur- 
render for the duration. But that restlessness which 
occasionally afflicts us all, that feeling that we are 
not doing anything very important and that we ought 
to be able seamen, corporals, or clerks in the Capital 
must, I am afraid, be traced to the low esteem in 
which our civilization has held the life of the mind, 
an esteem so low that even those who have committed 
themselves to that life must sometimes wonder 
whether they have not made a mistake. A univer- 
sity is a place where people think. Thinking is diffi- 
cult at any time, and especially amid the distractions 
of war. But can we actually believe that thinking 
is not important to winning a war? If a member 
of this faculty is offered a post in the public service 
in which he can think to better purpose than he can 
here, he should accept it. If, as is far more likely, 
he has some chance to think here and none in the 
public service, he should stay here and try to think 
harder than ever. It is his patriotic duty to resist 
as long as he can the superficial attractiveness of 
what is called doing something about the war*' and 
to throw himself with grim determination into the 
essential task he was appointed to perform. 

This statement contains the necessary res- 
ervations to cover the many persons, includ- 
ing the author, who have temporarily served 
the government from time to time, both in 
times of war and in times of domestic crises. 
Frequently the government job is similar to 
the work one is already doing. It may even 
afford nniqne opportunity to advance the 
work to which one is regularly devoted. 
Snch work is no desertion of one’s principal 


job. As for those who are not primarily in- 
terested in the advancement of science, they 
would perform a valuable service by vacat- 
ing jobs in the fields of science. Again, other 
duties sometimes take priority over personal 
preferences and over the advancement of 
science. Every scientist devotes time to 
family and community affairs which he 
might often prefer to devote to science. In 
the last analysis the community supports aU 
scientific activity, and may therefore some- 
times reasonably demand the scientist’s ser- 
vices in fields far removed from his special 
interest. 

The general position taken above is, there- 
fore, no reflection upon those who through 
choice or compulsion have entered either the 
military or the civil service. Indeed, it will 
probably be regarded as somewhat amusing 
that I should even take the trouble to make 
such a reservation. The temper of the times 
rather suggests that all who are not in gov- 
ernment service need some kind of defense 
or explanation. For this attitude, Hutchins’ 
statement is a healthy corrective. Let us 
consider some of the implications of this view. 

I 

I have suggested above that the scientist 
sometimes may find his duties as a citizen 
conflicting with his scientific tasks. This 
fact is likely to become apparent to all scien- 
tists, especially in wartime. In this situa- 
tion it is important for the scientist to dis- 
tinguish clearly between his role as a scientist 
and his role as a citizen. Strange to say, 
even some social scientists question whether 
such a separation is possible. Yet it is about 
as obvious as the fact that an actor can play 
different roles on the stage, or that a man can 
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play both baseball and bridge without de- 
veloping a schizoid personality. All that is 
necessary is to be fully aware of what part 
or what game one is playing and of the rules 
governing each. It is painfully obvious that 
human and community activities at present 
are not conducted on a strictly scientific 
basis. All scientists, as members of the com- 
munity, must reconcile themselves to playing 
the social game according to the commonly 
accepted rules. As I shall argue later, the 
scientist, like any other citizen, should do his 
utmost to change the rules if he feels like it, 
but, while doing so, he must conform in gen- 
eral to the accepted rules or he will find his 
chance to do really effective work of any kind 
seriously curtailed. His role as citizen per- 
mits and, indeed, compels him to play the 
parts assigned to him in the life of the com- 
munity in common with other citizens. As 
a citizen, also, the scientist may indulge his 
likes and dislikes by campaigning for this 
and against that, without giving any other 
explanation than that he simply likes one 
program and dislikes the other He may also 
offer whatever rationalizations or reasons he 
wishes in justification of his action, without 
inquiring into their scientific validity. 

The role of the scientist, on the other hand, 
calls for the observance of very different 
principles. The scientist must divest him- 
self as nearly as possible of all preconceived 
conclusions, except those all-important ten- 
tative formulations called hypotheses. The 
rules of the scientific game are rigorously 
specified. The very first rule is not to trust 
our unchecked, uncorroborated, and unaided 
senses. Thus, we use tested instruments for 
this purpose and, in addition, require that 
other scientists shall cheek both our observa- 
tions and conclusions. In the social sciences, 
these rules have been quite carefully elabo- 
rated with special reference to this subject 
matter. An elementary principle of histori- 
cxi and other social research, for example, is 
to be cautious about accepting personal testi- 
to dieek the possible bias of the re- 
porter; to determine the representativeness 
of a report which is itself above suspicion; 
and so forth. To what extent are these prin- 
ciples obs^ed in wartime f 
Instead of going into the whole subject of 
the imbdififvable gullibility of many scien- 


tists, as well as of other people in times of 
war, I shall ask only one question: How 
much of the currently accepted information 
about certain enemy ideologies and practices 
rests chiefly upon the testimony of displaced 
politicians, refugee scholars, and others who 
have suffered personal misfortune and in- 
justice at the hands of the regimes in ques- 
tion ? I do not question the personal integ- 
rity of these reporters. I only ask whether 
their testimony in a court of law or in science 
could be regarded as unbiased. I do not 
question their misfortunes. I have no doubt 
the facts are bad enough. To be sure, there 
is much corroboration — ^but by whom? By 
others with the same bias. I merely ask 
whether much of the material mentioned can 
stand the test of scientific scrutiny. 

Time alone, perhaps, will provide both the 
possibility of scientific checking and the 
necessary perspective for sound factual ap- 
praisal. My point is that the prestige of 
scientists is not increased by their tendency 
alternately to ride the bandwagon and then, 
after the parade is over, to appear conspicu- 
ously in the ranks of the debunkers. As sci- 
entists, they never should be victims at least 
of the more traditional types of bunk. 

Closely related to mere objectivity of ob- 
servation are considerations of perspective 
and the representativeness of data which are 
otherwise above reproach. Neglect of this 
principle is the besetting sin of the journal- 
ist, who in our time frequently passes for a 
social scientist. The public, in fact, attaches 
to the pronouncements of journalists the 
type of significance which actually should 
attach only to the pronouncements of scien- 
tists. The journalist’s trump in an argu- 
ment regarding fact is always some appeal to 
dramatic incidents such as, ‘‘If you had seen 
the refugees leaving Paris, . . “If you 
had seen this murder, . . If one inquires 
as to the representativeness of this incident, 
the prevalence of an injustice, and so on, the 
scornful answer is usually, “"^at difference 
does it make? Aren’t you against wrong 
and evil although it occurs only in a single 
ease?” The answer is that for scientific 
purposes it does make a difference. There 
is probably no crime or atrocity committed 
in one nation which cannot be duplicated in 
others. The degree and frequency of phe- 
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nomena are important for scientists but not 
necessarily for artists, and perhaps not even 
for some types of historians. 

Likewise, the concept of probability is all- 
important in science. In these days of ro- 
mantic talk about freedom from want and 
fear, it should be recognized that such ‘‘free- 
dom” is only partially attainable and that it 
is always a relative matter. To think other- 
wise is self-delusion. When nations strive 
for “security,” they should consider what 
state of ajffairs would obtain if all nations 
took the same view of thedr security. For 
example, if we require a line of impregnable 
bases flung across the Pacific, as has recently 
been asserted, other nations might reasonably 
consider themselves entitled to Nantucket, 
Cuba, Hawaii, and other such sites for bases 
off our coasts to insure their “security.” 

After the scientist has once secured his 
data, the rules for their manipulation are 
again rigorously specified. We are expected 
to follow these rules and to be just as cheer- 
ful if our hypotheses are disproved as if they 
are proved. Finally, we are compelled to 
agree that these findings are neither good nor 
bad in themselves; they may be used with 
equal effectiveness for constructive or de- 
structive purposes. We even have to con- 
fess, I think, that no matter how indubitable 
is the conclusion of a scientific study, there 
is nothing in the scientific process, by which 
we arrived at a specific conclusion, to tell us 
what should be done with it. 

Science only provides a car and a chauf- 
feur for us. It does not directly, as science, 
tell us where to drive. The car and the chauf- 
feur win take us with equal efficiency into the 
ditch, over the precipice, against a stone wall, 
or into the highlands of age-long human as- 
pirations. If we agree on our destination, 
the driver should be able to take us there by 
any one of a number of possible routes, the 
costs and conditions of each of which the 
scientists should be able to specify. When 
these alternatives have been made clear, it is 
also a proper function of the scientist to de- 
vise the quickest and most reliable instru- 
ment for detecting the wishes of his passen- 
gers. Except in his capacity as one of the 
passengers, the scientist who serves as navi- 
gator and chauffeur has no scientific privi- 
lege or duty to tell the rest of the passengers 


what they should want. Neither physical 
nor social science can answer this question. 
Confusion on this point is the main reason 
for the common delusion that the social sci- 
ences, at least, must make value judgments 
of this kind. 

It does not foUow, of course, that science 
by virtue of its true function, as outlined 
above, may not be of the utmost importance 
in helping people to decide intelligently what 
they want. As a matter of fact, the broad 
general wants of people are perhaps every- 
where highly uniform — ^for example, a cer- 
tain amount of physical and social security 
and some fun. It is disagreement over the 
means to achieve these ends, as represented 
by fantastic ideologies, that results in con- 
flict and chaos. In proportion as a science 
is well developed, it can describe with ac- 
curacy the consequences of a variety of 
widely disparate programs of action. These 
consequences, if reliably predicted, will 
strongly influence what people will desire. 
But it remains a fact that science as a pre- 
dictor of consequences is only one of the num- 
erous influences that determine an individ- 
ual’s desires and his consequent behavior. 

When social science develops and secures 
recognition of its authority, it is almost sure 
to become a major influence both in defining 
and satisfying men’s desires. This certainly 
is the ease with desires that are increasingly 
defined, as well as realized, through the 
agency of physical and biological science. 
By charting reliably the remote, as well as 
the im m ediate, consequences of the various 
possible courses of action, men’s wants will 
be modified accordingly. In this way, sci- 
ence and scientists might be major influences 
in determining value judgments. This is 
especially true of the social sciences as re- 
gards the qu^tions at present in the fore- 
ground of public interest. When the social 
sciences attain maturity and thus gain public 
respect, we shall no longer waste our energies 
in following the vain hopes of early and 
permanent salvation proffered by various 
ideologies which today seduce many social 
and other scientists, as well as the mass^ of 
men, from more fruitful activities. 

II 

I have spoken of the scientist’s obligation 
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to stay on tlie job and keep clear in bis own 
mind, as well as in tbe minds of others, the 
difference between his scientific and his com- 
mnnity obligations. Closely related to these 
requirements is his obligation to conduct 
himself like a scientist. This is perhaps the 
most difficult of the social scientist’s tasks in 
wartime. His own emotions, as well as the 
community expectations, tend to coerce the 
social scientist into two equally unfortunate 
positions. In the first place, the scientist 
will be tempted to find, regardless of the 
evidence, what he and the community wish to 
believe regarding important war questions. 
In the second place, both social and other 
scientists are likely to fail to distinguish 
clearly between their pronouncements as 
citizens of a country and their pronounce- 
ments as scientists who, in these roles, are 
citizens of no particular country. In the 
first case, they deceive both themselves and 
the public. In the second, they may deceive 
only the public. The public will assume 
that, just because a man is a recognized sci~ 
entist, ail his pronouncements are actual 
scientific conclusions. 

This is why it becomes necessary to engage 
in wholesale debunking after the war is over. 
Now it can probably be shown that it is 
necessary for every nation, in order to carry 
on a fundamentally emotional activity like 
war, to engage in the systematic diffusion of 
propaganda which cannot correspond very 
closely to scientific fact. This may be justi- 
fied in precisely the same way that we justify 
withholding bad news or telling a patient 
something less than the whole truth about his 
condition, in the interests of what is consid- 
ered a more fundamental objective. If, how- 
ever, the physician who does this is himself 
so interested in the patient’s recovery as to 
believe what he tells the patient and then acts 
on his belief, we regard him as incompetent. 

Consider the pronouncements of govern- 
ments engaged in war. It is probably a psy- 
ehologiesd nece^ty for aH nations at war to 
declare lhat their objective is complete vic- 
tory over their enemies : that no agreement, 
appeasement, or compromise is possible. But 
^ial scientists, if they apply what they 
know is true of edl social adjustments, are 
compelled at l^sfc to consider other condi- 
tmna A jwlogist^ writing in The Scientific 


Monthly y has recently put the matter bluntly. 
Speaking of the coming peace he says: “It 
will not rest upon compromise or compact.” 
He admits that some kind of organization 
will be necessary, but scoffs at the idea that 
“to have effective world organization you 
must first educate the people and that will 
take generations . . . ; but it is no discredit 
to democratic principles to point out that the 
control of yellow fever and bubonic plague 
did not have to wait upon general education 
and popular demand. . . , For the control 
of war, as of pestilence, it will be necessary 
to educate administrative officers and repre- 
sentatives; then, of course, the farther the 
education of the people can be carried the 
better. ... We are now confronted with 
war and the makers of wars, and the only 
proper action, whether one likes it or not, is 
to go just as far in annihilation, or in imposi- 
tion of ‘durance vile,’ as is necessary to 
create ... a greater distaste for war than 
some nations have thus far had. You can 
indict a people — if you can bomb them, and 
do not care to do it periodically.”^ 

The above undoubtedly represents the 
simplest solution of the peace problem. It 
involves no troublesome peace conferences, 
no complicated treaties, no reparations, no 
danger of future trouble from the conquered. 
With sword and bomb, war will have been 
stamped out as yellow fever disappeared 
with the mosquito. 

Offhand, I suppose, most social scientists 
would content themselves with pointing out 
that the implicit assumption in the above 
reasoning is that Germans and Japanese are 
carriers of war just as mosquitoes carry the 
germ of yeUow fever. In view of the more 
elementary facts of history, no informed 
person wiU probably want to continue the 
discussion beyond this point. One peculiar 
detail should be noted, however, in the article 
containing the above prescription. The 
author makes it perfectly clear that this is a 
sound solution only if he himself and his 
group is on the exterminating side. From 
a strictly scientific viewpoint, the results, so 
far as the abolition of war is concerned, 
would be precisely as satisfactory if the other 
side did the exterminating. This suggests 

^E. E. Coker, are the Fittest?'', The Sm- 

mtifio Monthly f January 1943, pp. 69-70. 
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that there are other considerations more im- 
portant even than stamping ont war. There 
seem to be other considerations demanding 
attention even in the mind of this scientist, 
although he conveniently overlooks them or 
takes them for granted for the purpose of 
his argument. This is very frequently the 
case, as vre shall see, when any scientist ven- 
tures into other fields than his own. We 
oversimplify and overlook conditions that 
are likely to be the most determining ones. 
Now the principal trouble with this particu- 
lar solution as applied to social problems, 
namely, the extermination of all who oppose 
the would-be exterminator’s ideas as to the 
proper solution, is that it is a game at which 
all parties can play. It is somewhat amus- 
ing, also, to hear the doctrine invoked by an 
American scientist in an article devoted to 
expressions of horror of war and a discussion 
of the fitness to survive of people who invoke 
this doctrine. 

While the above case will probably be re- 
garded as extreme and unrepresentative (I 
am not criticizing the article as a whole), the 
general sentiment is by no means unique. 
Witness the horror and condemnation with 
which the words ‘‘appeasement” and “com- 
promise,” as applied to the forthcoming 
peace settlement, are regarded in our most 
idealistic, moral, and respectable circles, in- 
cluding social scientists. Yet no fact is more 
generally recognized than that social groups, 
to the extent that they have abandoned mu- 
tual exterminative warfare, have substituted 
appeasement and compromise. They are, in 
fact, the social vprinciples most commonly 
used in all social adjustments from the family 
to national and international relations. 

Nor are appeasement and compromise re- 
sorted to only when physical violence has 
failed. No one could have desired a more 
complete military victory than that achieved 
by the Allies in the first World War. Yet 
the ink was hardly dry on the Yersailles 
treaty before the machinery of appeasement 
and compromise was set in motion. It is no 
answer to say, “We shouldn’t have done it.” 
The fact is that the victors found themselves 
in a position where it appeared to be the sen- 
sible thing to do. More important than this 
single ease is the singular fact that in all 
modern wars, at least, the victors have for 


some strange reason been unable or unwill- 
ing to exterminate whole nations. Even the 
invention of the modern bomber, to which 
our scientist friend so hopefully refers, has 
proved surprisingly ineffective in extermi- 
nating any considerable proportion of enemy 
populations. 

At this point, the more emotionally in- 
clined will demand to know, do I then advo- 
cate appeasement and compromise in the 
present warf It is pointless for me either 
to advocate it or oppose it. No matter who 
wins, appeasement and compromise will oc- 
cur because there is, practically speaking, no 
alternative. The only subjects for profitable 
discussion are the details of the appeasement 
and compromise. Military events will doubt- 
less determine these to some extent, although, 
if we may judge from the last war, not to the 
degree fondly hoped for by the victor. If 
those details are arranged carefully and with 
due regard for existing scientific knowledge, 
a relatively satisfactory peace and post-war 
world may be attained. If such knowledge is 
ignored, no league or other organization can 
succeed. 

Is there any scientific knowledge which, ii 
applied, would have rendered the Versailles 
settlement less absurd? Assuredly there is, 
and much of it even was called to the atten- 
tion of the peacemakers. The peacemakers 
in turn may have known better than their 
actions indicate. They probably felt, and 
correctly, that public opinion would not tol- 
erate a less vindictive or a more intelligent 
settlement. To win a war it is undoubtedly 
necessary to fabricate a grossly distorted 
picture of the world and especially of the 
enemy. This picture cafinot be immediately 
erased when peace comes. Consequently, it 
is necessary to write a peace which corre- 
sponds not to the actual conditions that exist 
but to an illusion carefully built up during 
the course of the war. Such a peace again 
leads to war and thus perpetuates the vicious 
circle. 

The scientist must reckon with this situa- 
tion quite as realistically as with economic 
arrangements and the location of boundaries. 
That is, the distorted state of public opinion 
is an important factor in the peace negotia- 
tions. This may require the deliberate inclu- 
sion in the peace terms of enough vindictive 
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and irrational elements to make tlie settle- 
ment tolerable to the victors and not unbear- 
able to the vanquished. This is the very 
essence of appeasement and compromise. It 
affords opportunity also for the social psy- 
chologist to devise symbolic rites of expiation 
and wish-fulfillment so that these war-stimu- 
lated needs may be satisfied as harmlessly as 
possible. To do this, the social scientist 
himself must maintain, during both war and 
peace, a scientific view of the social relations 
of nations. He must hew to the line as a 
scientist, whatever illusions he may wish to 
cherish as a citizen. 

So much for the logic of appeasement and 
compromise. Let us examine another red 
rag which aU patriotic bulls are supposed to 
attack with everything in them. I refer to 
the word isolaiionisvn. 

Currently, the term isolationism is sup- 
posed to refer to a certain type of interna- 
tional policy, allegedly supported by a con- 
siderable section of opinion in this and other 
countries. What does the social scientist find 
when he examines the facts? The first thing 
he finds is that in modern western civilization 
there has been no such thing as political, 
geographical, or economic isolationism. The 
next thing the scientist finds is that even 
politically, and this is usually what the term 
means, the doctrine has been formally almost 
unanimously disavowed in this country for 
over a century. The Monroe Doctrine obvi- 
ously constitutes such a disavowal, and we 
have shown no hesitation in making it good 
by force of arms. 

To whom or what, then, exactly does this 
term apply? It is actually, of course, only 
an epithet. Isolationism has been used re- 
ceaitly in this country to apply to the oppo- 
nents of the present administration's foreign 
policy; that is, Foreign Policy No. 2, the one 
beginning in 1937, as contrasted with the 
previous Policy No. 1 which, in current 
terminology, must be designated as isolation- 
ist I am not here concerned, fortunately, 
with the merits or demerits of either policy. 
Either one, pursued consistently, might have 
been defensible. I am concerned as a scien- 
tist at the moment only with an inquiry into 
the actual meaning of a category. Now it is 
true thaty while none of the so-called mola- 
contemplated any retrenchment in 


the Monroe Doctrine, they did oppose its 
extension as a political policy to the British 
Empire, Poland, China, and other places. 
As for economic and other international 
relations, these have always been pursued 
rather independently of the Doctrine any- 
way. That is, the so-called isolationists 
advocated the continued maintenance and 
adoption in other continents of political 
regionalism such as the Monroe Doctrine 
represents. 

Only about a year after our entry into the 
war, it began to appear that this was what 
everybody had in mind. The Vice-President 
declared that “purely regional problems 
should be left in regional hands. ’’ “Pan- 
America,’’ he says, “while concerned, should 
not have to be preoccupied with the problems 
of Europe.” Subsequently, Mr. Churchill 
advocated the same idea in calling for a 
Council for Europe and a Council for Asia. 
It is true that Mr. Wallace in the same 
speech also came out for “supervision, or at 
least inspection of the school systems of Ger- 
many and Japan.” Perhaps, on further 
thought, it will be decided that this had 
better be left to regional jurisdiction also, 
since we might not like the suggestions that 
Europe and Asia, respectively, might make 
regarding what we should teach in American 
schools. 

It is true that there is much vague talk 
about some kind of world organization in 
addition to the regional Councils. But this 
organization will apparently not interfere in 
the regional political concerns of the Coun- 
cils. This seems to be the upshot of the great 
excitement about isolationism. Parentheti- 
cally, this seems to me a relatively sensible 
approach to the world situation, though it 
leaves unanswered many nice questions 
raised by such pronouncements as the Four 
Freedoms and the Atlantic Charter. I sug- 
gest that it is the business of social scientists 
to examine the content and implications of 
these programs, especially with reference to 
their feasibility in view of “existing commit- 
ments,” as the Charter blandly put it. By 
a responsible consideration of such problems, 
social scientists may contribute a great deal 
toward alleviating the shock, disappoint- 
ment, frustration, and let-down, with their 
accompanying dangers, which tend to follow 
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in the wake of idealistic wars. Social scien- 
tists could also perform a valuable service 
by examining realistically the claims of every 
nation to be fighting a war for defense and 
survival; or by examining whether such 
terms as applied in modern warfare are not 
quite devoid of objective meaning. 

I have introduced these views on some as- 
pects of the current situation merely to illus- 
trate what seems to me the type of problem 
that faces the social scientist if he wants 
to work as a scientist. If these questions are 
answered objectively, the answers may con- 
tribute considerably to a more rational de- 
termination of present and future social pol- 
icy. If such questions are not objectively 
answerable among scientists, that merely re- 
flects the unsatisfactory development of so- 
cial science. Social scientists, as well as the 
physical and biological scientists, must go 
behind the more obvious and generally ac- 
cepted appearance of things and identify 
them in all their superficial novelty as merely 
special cases of principles already under- 
stood. It is this point which interests me at 
present, not the illustrations I have used. 

m 

That there is disagreement among so- 
called social scientists on such matters as I 
have discussed, and hundreds of others that 
might be mentioned, is perhaps the best evi- 
dence of the unsatisfactory development of 
these sciences. We do not have generally ac- 
cepted and demonstrable generalizations, nor 
do we have adequate diagnostic power to 
place new occurrences promptly and surely 
into their proper categories and therefore to 
deal with them according to known prin- 
ciples or laws. 

This raises the crucial question of whether 
social phenomena are indeed subject to scien- 
tific treatment. That question I have treated 
at length in other places and have no doubt 
of the affirmative answer. To those who 
think the answer is negative, and formal 
proof obviously cannot be forthcoming until 
after the fact, I can only say that we must 
proceed on the affirmative hypothesis or else 
stop claiming to be scientists. The desirch 
lUity of a social science comparable in scope, 
precision, and application to the mature 
physical and biological sciences is rarely 


questioned. Are we likely to make progress 
toward this goal if we assume that a natural 
science of social phenomena is impossible? 

It comes down to this: Shall we assume 
that man’s social behavior, including all his 
thinking, knowing, and acting, is subject to 
study in the same framework as the rest of 
nature? Pierce, James, Dewey, and Bentley 
are the great names which, in direct line of 
advance from Darwin, have espoused the 
theoretical tenability of this view. They 
have examined man as an organism behaving 
in the world of his origin with all of his cul- 
ture, knowledge, thoughts, and aspirations in- 
cluded. Who tlxat examines both the theory 
and the data that already have been adduced 
to support this hypothesis can doubt that all 
social behavior can be understood within the 
framework of natural science? To deny it 
throws mankind forever back into the brutish 
abyss of the animistic and supernaturalistie 
conception of himself and the universe. 

It is not necessary for my present purpose 
to go into any argument as to the possibility 
or probability that the social sciences can ap- 
proach the exactness and applicability of the 
advanced physical and biological sciences. 
Only the future can answer that question. 
No matter how men may disagree on that is- 
sue, all social scientists seem to be agreed on 
one thing, namely, that there is room for im- 
provement in our respective disciplines. 
There is also a fair amount of agreement as 
to the unquestionably feasible next steps. 
For example, we probably agree that social 
scientists have some responsibilities and 
standards which must be observed in their 
work which the artist, whether novelist, 
dramatist, journalist, or propagandist, is not 
obliged to observe, although he may other- 
wise often deal with very similar material. 

Perhaps I can best summarize the point 
by an illustration. A distinguished political 
scientist of Cambridge University, writing a 
short time ago in The New York Times Maga-- 
zine on “Europe’s Portrait of Uncle Sam/’ 
makes the following revealmg statement : 

The movies do give an impressioai of ease, of a social 
fluidity that may he false but is certainly seductive. 
I have read too many powerful American, novels to 
assent readily to the thesis that, on the whole, life in 
America is easier and happier for the common man 
than in any of the European industrial countriefi^ Iwfe 
were it not for those powerful novefe I sitoidd 
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to tMs view, and most Europeans only know and 
believe what they see in the movies. 

That is, while most people in Europe get 
their ideas about America from the movies, 
this great scholar is not so gullible. He 
cheeks on the reliability of the movies by 
reading novels. In short, if we really want 
to know how things are at the bottom of a 
rabbit hole, read a work by Lewis Carroll for 
the report of an eyewitness named Alice. 
Also, if you want to check the reliability with 
which the English novel portrays English 
life, visit the English movies. 

Without claiming for a moment that this 
is a typical instance of the methods by which 
social scientists arrive at their conclusions, it 
does emphasize one of their principal faults, 
namely, the factual inadequacy of their re- 
ports on a purely expository level, even when 
intentional or unconscious bias is not present. 

I have already pointed out how personal bias 
resulting from misfortune or dramatic ex- 
periences may warp the judgment and dis- 
tort the perspective of even able and well 
trained scholars. The inadequacy and non- 
representativeness of the data at the founda- 
tion of current social science generalizations 
is unquestionably a major and all-pervading 
fault of these sciences. Whatever differences 
of opinion may exist regarding the degree to 
which this fault can be corrected, probably 
we all can agree that improvement is neces- 
sary and possible. If we believe that there 
is a basic difference between the report of 
the social scientist and the journalist or the 
novelist, then we should strive to make that 
difference increasingly clear. 

This is not to say that the novel may not 
be both factual and representative. We 
merely must remember that it is not an ohK- 
gaiion for the novelist to be either; a good 
story need not be factual or typical ; it has to 
be both in order to be a useful basis for 
scientific generalization. Nor can we judge 
factuality or representativeness merely by 
our own feelings that the tale “rings true/" 
If we ourselves have an inadequate or a dis- 
torts notion of the facts and the perspective, 

, fiienonly a distorted image will “ring true."" 
Whatever may be the ultimate possibilities of 
Mm social sciences, surely we can agree on the 
not to mist^ mere personal con- 
' for p3roof . Scimtiflc method are de- 


signed for this purpose. Generalization 
from inadequately tested and unrepresenta- 
tive data is perhaps the most elementary 
type of error in science. Yet it is one of the 
commonest faults of the social sciences. 

It is the fate of every science, in its early 
stages especially, to be trailed by bogus camp 
followers and quacks whose product is indis- 
tinguishable to the public eye from the real 
article. In the long run, only the superiority 
of science can win for it recognition over 
counterfeits. The social sciences will gain 
recognition in proportion as they develop the 
capacity to deliver the things that the public 
expects from science. 

IV 

Finally, it is the business of social scien- 
tists to educate others to the idea that human 
affairs are subject to objective scientific 
study. This is perhaps more important than 
the mere imparting of a knowledge of subject 
matter and of technical methods. The masses 
of men today who do not know much about 
the technical details of the physical sciences, 
nevertheless have a rudimentary understand- 
ing of the assumptions and the methods of 
these sciences, as compared with the super- 
stitions and animistic beliefs of other days. 
The masses of men today recognize the au- 
thority of these sciences and rely upon them 
for guidance. While the idea that human 
relations are subject to the same approach 
has been growing steadily since Darwin, at 
least, there is still widespread doubt as to 
the authority of the social sciences. We must 
admit that, in part, this public skepticism is 
justified because of the inadequate develop- 
ment of these disciplines. Much of the lack 
of respect for social science, however, is due 
to ignorance of the actual attainments and 
possibilities of these sciences. To the extent 
that this is true, we must strive for the wider 
diffusion of the idea that man’s last, best 
hope is in the extension to human relations 
of the scientific methods that have been so 
conspicuously successful in solving our phys- 
ical and biological problems. 

The existence and validity of the social 
sciences must above aU be impressed on other 
scientists. The public regards them as the 
authentic spokesmen of science, and when 
they express grave doubt, as they frequently 
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do, regarding the hope of a scientific ap- 
proach to human affairs, these views are 
likely to carry great weight with the public, 
which is therefore inclined to look elsewhere 
for help. I shall give only a single recent 
iQustration. 

In his presidential address to the Ameri- 
can Association for the Advancement of 
Science in December, 1942, Irving Langmuir 
made this statement ; 

To avoid alternating periods of depression and pros- 
perity economists propose to change onr laws. They 
reason that such a change wonld eliminate the cause 
of the depressions. They endeavor to develop a 
science of economics by which sound solutions to such 
problems can be reached. 

I believe the field of application of science in such 
problems is extremely limited. A scientist has to 
define his problem and usually has to brmg about 
simplified conditions for his experiments which ex- 
clude undesired factors. So the economist has to 
invent an ‘‘economic man’' who always does the 
thing expected of him. No two economists would 
agree exactly upon the characteristics of this hypo- 
thetical man and any conclusions drawn as to his be- 
havior are of doubtful application to actual cases 
involving human beings. There is no logical scien- 
tific method for determining just how one can form- 
ulate such a problem or what factors one must ex- 
clude. It really comes down to a matter of common 
sense or good judgment. All too often wishful 
thinking determines the formulation of the problem. 
Thus, even if scientifically logical processes are ap- 
plied to the problem the results may have no greater 
validity than that of the good or bad judgment in- 
volved in the original assumptions. 

From illustrations of this type, this phys- 
ical chemist expresses further grave doubts 
about the utility of science in the field of 
social relations. He says : 

It is absurd to think that reason should be our 
guide in all cases- Beason is too slow and too difd- 
eult. We do not have the necessary data or we 
can not simplify our problem sufficiently to apply 
the methods of reasoning. What then must we do? 
Why not do what the human race has always done — 
nse the abilities we have — ^use common sense, judg- 
ment and experience. We under-rate the importance 
of intuition. 

He concludes with the vague suggestion that 
in human relations morality and decency,” 
being ^'a kind of summation of the wisdom 
and experience of onr race,” are perhaps our 
safest guides. 

It is unnecessary to go into an extended 
analysis of these remarks. No one will 
quarrel with Dr. Langmuir when he points 
out that the formulation of problems and the 


decision as to what to include and what to 
exclude in a definition or a problem comes 
down to a matter of common sense or good 
judgment.” Nor will anyone disagree with 
him when he points out that ‘‘scientifically 
logical processes” applied to a problem may 
yield results of “no greater validity than 
that of the good or bad judgment involved 
in the original assumptions.” Obviously 
these platitudes apply with equal force to 
physical problems. They are here put for- 
ward, however, as unique and more or less 
insuperable to the social sciences. When 
confronted with these and other staggering 
considerations of the same type as they ap- 
pear in the social sphere, what does the dis- 
tinguished Nobel Prize winner in chemistry 
advocate? “Why not do what the human 
race always has done,” he says, “. . . use 
the abilities we have — use common sense, 
judgment and experience.” 

Again, certainly no one in any science will 
disagree with the advice as far as it goes. 
Certainly, even Dr. Langmuir can use only 
the abilities which he has, and on every level 
of science it is agreed that common sense, 
judgment, and experience are invaluable. 
The unfortunate suggestion of the statement, 
especially in its context, lies in its implica- 
tion that this is all we should attempt to rely 
upon in the social sciences. This is directly 
giving aid and comfort to obscurantism, and 
directly suggests that the most we can hope 
for in the sphere of social knowledge is folk- 
lore, with all of its superstitions, its mysti- 
cism, and its error. To be sure, man has sur- 
vived after a fashion even with this defective 
guidance. To be sure, morality and de- 
cency are based on the experience of the race 
as defectively observed, interpreted, and 
handed down. It is not necessary to deny 
an element of validity even in many pri- 
marily magical practices. It is grossly mis- 
leading, however, to fail to point out at the 
same time that it is only as science has sub- 
jected the elementary methods of common 
sense to its own rigorous discipline that the 
practices and the advice of old women, sages, 
and seers, heavily fortified by morality and 
decency, have been supplanted by modem 
medicine and technology. 

Ludicrous as it may seem, one of the prin- 
cipal obstacles to the development of the so- 
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cial sciences is the attitude of some distin- 
guished physical and biological scientists, 
especially of the older generation. Fortu- 
nately, the younger generation, as a result of 
some training in the social sciences and by 
virtue of a better knowledge of the nature 
of science, will be less of a handicap to the 
advancement of the social sciences. Indeed, 
the urgencies of the social situation may turn 
the attention of many physical scientists to a 
serious study of the problems of the social 
sciences. This is to be welcomed with the 
greatest enthusiasm. We desperately need 
men with the scientific ideals and technical 
proficiency so common in the other sciences. 
We have profited much from them in the 
past. Consider the contribution of Comte 
and Ward in sociology, Marshall in econom- 
ics, Thurstone in psychology, and Boas in 
anthropology, to mention only a few. AH of 
them were trained originally in the other sci- 
ences. Let us hope that many physical and 
biological scientists in the future will turn 
their attention seriously to the problems of 
the social sciences. Let us try to educate the 
rest to a broader conception of science than 
many of them now have. 

V 

I have now reviewed what I believe to be 
some of the principal conditions for the ad- 
vancement of the social sciences. They are 
conditions which to many people seem harsh 
and inhuman. They are conditions which 
demand a stern control of many laudable 
emotions and sentiments which have through 
the centuries beclouded and distorted man’s 
judgment of human affairs. No one ques- 
tions the necessity or desirability of the sen- 
timents of love, hate, approval, and indigna- 
tion in the attitudes of the members of a 
community. Nor does anyone question the 
right of the scientist as a member of a com- 
munity to share these emotions both toward 
community affairs and toward the standards 
of his own science. Science merely requires 
that these sentiments must not be allowed to 
distort observations or to deflect the rigor of 
scientific reasoning. 

We know how greatly wishful thinking has 
warped man’s theories, observations, and rea- 
mnmg about his world. Only in recent cen- 
times has imposed upon himself objective 


criteria in the form of instruments and rules 
of logic to check his conclusions, chiefly re- 
garding the physical universe. He has often 
i*esented bitterly the conclusions forced upon 
him by these methods when they have con- 
flicted with his traditional beliefs. It is not 
surprising, therefore, that he should be even 
more resentful of some scientific conclusions 
regarding social relations. 

This resentment frequently finds expres- 
sion in diatribes against the ‘^materialism,” 
“inhumanity,” and lack of moral fervor that 
characterize science. Against this apparent 
callousness of science is invoked the impor- 
tance in human affairs of vision and ideals. 
Here is alleged to be a conspicuous failing 
of science as applied to human affairs, what- 
ever virtues it may possess in other matters. 
The feeling is so widely and sincerely held 
that it deserves sympathetic consideration. 

It has been said that “where there is no 
vision, the people perish. ’ ’ Science certainly 
has no quarrel with this adage, for all scien- 
tific activity is a quest in pursuit of a vision, 
namely, the hypothesis which gives direction 
and meaning to scientific enterprise. No one 
knows better than the scientist, therefore, the 
importance of vision in human activity. The 
scientists and men in general know that a 
great deal depends upon the nature of the 
visions they elect to pursue. People who do 
not show a certain discrimination in the 
visions which they see and follow are in fact 
carted off to asylums to protect them and 
their fellow citizens from untimely and un- 
seemly ends. In short, where there is irre- 
sponsible and fantastic “vision,” the people 
are also likely to perish. 

Perhaps it would be well for the great ex- 
ponents of “vision” and “ideals” in human 
affairs to give more emphasis to this side of 
the matter than is customary. To be sure, 
the idea is implicit in most discussions of the 
subject. That is, when people advocate vision 
and ideals they usually mean desirable, at- 
tainable goals. Nevertheless, a more careful 
scrutiny of social ideals and visions is per- 
haps one of the crying needs of our time for 
pretty much the same reason that it has been 
found necessary to restrict or supervise the 
applied idealism of advertisers, patent medi- 
cine venders, faith healers, and stock sales- 
men. It is doubtless a shocking thought that 
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tte visions for which men sometimes die 
the ideals for which leaders are venerated 
should sometimes be indistingnishable from 
flagrant fraud and colossal ignorance. A 
sober survey of the history of idealism will 
nevertheless reveal such to be the ease. 

We must here distinguish sharply between 
those idealists who have specifically declared 
that the kingdoms they envision are defi- 
nitely not of this world and those who 
equally specifically declare their programs to 
be for all men everywhere and in our time. 
Certainly no one objects to the dreams of 
seers and sages regarding the nltimate des- 
tiny and complete happiness of man. Nor 
do we contemplate depriving man of ro- 
mantic literature, or of all of the satisfac- 
tions which indubitably derive from fable, 
myth, and story. There is no question that 
these imaginative realms greatly enrich life 
and influence conduct. For this reason, also, 
the somewhat indiscriminate deprecation of 
escapism is quite unwarranted. All that 
needs to be deplored is the inability to dis- 
tinguish between fact and fable, the prac- 
tical and the fantastic. Escape from the 
cares of the day has always been sought, has 
been anticipated with joy, and has refreshed 
the body and mind. Different people will 
find this escape in different ways. Some find 
it in mathematics and philosophy, some in 
music, some in poetry, and some at the 
movies of Buck Eogers’ rocket trips to the 
moon. I have no objection even to the last 
mentioned, provided the beholder does not 
try to take off in his car on the way home. 
This is precisely the important qualification 
that must be insisted upon regarding all 
visions and ideals. Unbridled social idealism 
unbalanced By scientific criteria as to possi- 
bilities and cost is a social liability and in 
effect a type of fraud on the body politic. 

Social scientists are at a considerable dis- 
advantage today in competition with profes- 
sional social idealists. Honest physicians 
were once at a similar disadvantage in rela- 
tion to the snake oil practitioners. The latter 
promised quick and painless cures — no pains- 
taking diagnosis or complicated course of 
treatment over a period of time was required. 
The offerings of social scientists today seem 
weak, uncertain, painful, and costly as com- 
pared with the proposals of the professional 


idealist whose lyrical sales talk clogs the air- 
ways, fills the press, and thunders from the 
platform. Science is not without its own 
ideals. But it has the decency to stipulate 
also the degree of probability of their attain- 
ment in given circumstances and periods of 
time. 

The time will perhaps come when the irre- 
sponsible idealist will be regarded no more 
highly than other venders of bogus gold 
bricks. Today idealists go up and down the 
land with offerings that are as fraudulent as 
any patent medicine or snake oil that was 
ever retailed. Yet these are the respectable 
leaders of the day. It is true that the snake 
oil vender usually knew he was a fake, 
whereas many social idealists believe what 
they say. This, however, does not affect the 
truth or the frequently disastrous results of 
their respective offerings. Hitler's reported 
advice with respect to lying, namely that a 
hig lie is believed more readily than a small 
one, seems to hold also for a certain type of 
social idealism. A ham-and-eggs program 
for California is not taken too seriously, but 
a similar program for the whole world may 
be widely praised in the name of idealism. 
Those who demand the specifications of these 
grandiose projects and a look at the balance 
sheet of estimated costs and probabilities of 
success are castigated as cynics and ignoble 
characters. Nevertheless, a decent respect 
for certain facts and principles now known 
by social scientists would greatly modify the 
nature of projects embarked upon today by 
the statesmen of all nations, to the great ad- 
vantage of their constituents in every land. 

The function and power of ideals in hu- 
man affairs has nowhere been questioned. 
Indeed, this essay is itself idealistic. But we 
have neither advanced counsels of perfection 
nor advocated unattainable goals. There is, 
unfortunately, in science, as elsewhere, a 
type of idealism closely resembling that criti- 
cized above. It demands that social scien- 
tists present here and now formulations com- 
parable in precision and predictive power to 
those of the advanced sciences. We have 
rather taken the position that in science and 
idealism half a loaf is better than loafing, 
and that the road of science is a long, rough 
road. Ideals we must have. Let us distin- 
guish between ideals and illusions. 
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By CURT STERN 


Cooperation in science has become one of 
the keynotes of our times. It is said to be of 
help in solving problems that surpass in ex- 
tent the powers of work or the span of life 
of a single person, in combining the resources 
of various scientific disciplines, and in accel- 
erating the tempo of scientific progress. 
Committees administer funds devoted to 
joint attacks on the riddles of cancer, radia- 
tion, and sex. Foundations map out coordi- 
nated programs upon which they then grant 
the smile of financial support. Heads of 
laboratories and individual investigators 
plan the course of group activities. 

I 

It would be ridiculous to deny the useful- 
ness, the desirability, and the necessity of 
scientific planning and teamwork. It is a 
cause for rejoicing that the cooperation of 
observatories can be enlisted to provide a 
more complete knowledge of the astronomical 
universe; or that the several hundred inves- 
tigators who use the fruit fly in their study 
of heredity and who, although separated by 
thousands of miles, are enabled to consult 
each other ^s stock lists through the Dro- 
sophila Information Service. There is no 
doubt that the attainment of practical goals 
of research, as it is incorporated in the tech- 
nical and medical structure of our civiliza- 
tion, has been due to planned collaboration 
of many workers. True it is also that many 
of the bridges which now join formerly sepa- 
rate fields, such as biology and chemistry, or 
physics and geology, had to be built by the 
joint efforts of helpers on both sides of, the 
original gap. 

Planning, even from the point of view of 
the individual, is a condition sine qua non. 
The selection of certain problems as worthy 
of study and the rejection of others involve 
a conmderation and an intentional molding 
of the future of research. This is unavoid- 

* The Mlowmg thotights were written down before 
^ w^. Whatever truth may be found in them win 
bear profeeeion and defense at any time, and espe- 
daring the war. 


able to the investigator who seeks coordi- 
nated insight rather than an assemblage of 
unrelated facts. These statements are not 
contradicted by the proverbial experience 
that the most striking scientific developments 
generally have not been planned in advance, 
nor by the fact that many attempts at scien- 
tific foresight have not brought the hoped-for 
unity of results. 

Important as they are, the obvious gains 
brought about by cooperation and planning 
have tended to obscure the danger of a great 
loss. The meaning of science is not ex- 
hausted by reference to its special attain- 
ments and goals. It surpasses its great tool, 
the scientific method, the weighing of ration- 
ally gathered evidence regardless of irra- 
tional prejudices, one’s likes or dislikes. It 
even goes deeper than the search for the 
evasive ‘‘truth.” One of the fundamental 
aspects of science is its lack of purpose. 
Like a leitmotif of the artist, one underlying 
theme of science is complete self-sufficiency, 
the exhaustive living in the moment, the self- 
forgetting abandonment to a determination, 
the source of which is wholly containe'd in 
the subject matter itself. This essence of art 
and of science may seem contradicted by 
another characteristic, the creative attitude, 
but do not mountains present different views 
from different angles? Yielding abandon- 
ment and willed creation both are elements 
within the artist and the scientist. 

II 

Science, during the last one hundred or 
more years, has been in the dangerous posi- 
tion of a successful poet who started by com- 
posing songs of joy and sorrow to lighten 
the burden of his own soul only to find that 
they became best-sellers. He continues to 
appeal to the public’s clamor for more and 
his annual output is large and satisfying, 
but though the product still shows clearly 
the stamp of its originator, the human ring 
of the first slender volume has only rarely 
been found again. 
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Science as a profession has been a rather 
modern development. Many of the great 
men of the 17th and 18th centuries made 
their discoveries in the spare time left after 
their everyday occupations had earned them 
their living. Leeuwenhoek, the discoverer of 
a hitherto unknown invisible world of micro- 
scopic living beings, was a minor civic offi- 
cial. Leibnitz, one of the originators of the 
infinitesimal calculus, was a diplomat and 
courtier. 

Priests and pharmacists, physicians and 
merchants were the contributors to scientific 
knowledge. Even the professors whose 
names stand out among the founders of 
science cannot be fully called professionals. 
They earned their living by teaching the 
known facts of their field and only very 
gradually did people expect new develop- 
ments from them. When they explored novel 
aspects of nature, it was in the private capac- 
ity of searchers for secret beauties and truths, 
not as paid employees. 

All this changed in the 19th century. Ger- 
many came into the fore with her unheard-of 
pace of progress in nearly all fields of scien- 
tific inquiry. The reason for this accelera- 
tion in the attainment of knowledge was 
obvious: science became organized, coopera- 
tive, and supported in a hitherto unknown 
way by the state which controlled the uni- 
versities. A professor was expected not to 
be satisfied with handing on static knowl- 
edge ; he had the dual duties of teacher and 
dynamic investigator. Likewise, his assis- 
tants’ tasks included the accumulation of 
new scientific facts, and each student was 
there not to receive instruction only, but to 
repay it with original contributions. 

The number of persons active in the execu- 
tion of scientific tasks had increased im- 
mensely over that in earlier centuries. 
Where formerly a few Eoyal Societies and 
Academies had assembled friends with ad- 
venturous inclinations in the realm of 
thought, there originated then hundreds of 
societies of naturalists, physicists, chemists, 
physiologists, with super associations for the 
^‘Advancement of Science” to unify the 
various groups of investigators separated 
into their specialized organizations. Where 
a few Proceedings and Transactions had been 
sufficient to store the harvest of scientific 


labor, now untold Zeitschriften, Journals, 
and Archives for a host of disciplines seemed 
hardly able to provide space for the out- 
pourings from the laboratories. 

From Germany this development spread 
to wherever modern methods of research 
were followed. Still, some countries, notably 
England, preserved more of the original atti- 
tude than others. Joule, the physicist, was 
a brewer, and Charles Darwin a well-to-do 
owner of a country estate from which he 
gained his income. In our own time it may 
be difficult to match the illustrious examples 
just given, though a series of important 
English free lance investigators could be 
named. England, too, had to follow the 
large scale, cooperative trend, but the ama- 
teur tradition still appears strong in guiding 
even her professionals. It need not concern 
us here that the independence of the non- 
professional scientist in England had been 
causally connected with the specific social 
and economic stratification of that country. 
In America the organization of science has 
reached its climax with a National Eesearch 
Council, with hundreds of universities and 
colleges which foster research, great endowed 
institutes for pure and applied science, foun- 
dations, and nearly 30,000 investigators 
listed in American Men of Science (which in 
spite of its title designs to include American 
Women of Science also). 

Science has become a profession. To be a 
scientist still can carry with it all the inner 
rewards which a deep, detached human activ- 
ity bears, but it also pays in hard cash, in 
promotion in academic rank, in prestige 
within one’s own group, and even in the 
outside world. Instead of letting the in- 
vestigator find supreme happiness in his 
journeying, we have built up a system of 
compensating him for reaching a goal. Mem- 
berships in select societies, presidencies and 
vice-presidencies, medals, prizes, and “im- 
mortalities” of five or more years’ duration, 
acknowledged by small or large groups of 
colleagues, attempt to lure the wanderer 
away from a more appropriate view of Ms 
task. 

Ill 

The deflection of the scientist from his 
original path is particularly easy when the 



98 


THE SaiENTIFIO MONTHLY 


products of Ms work lead to practical re- 
sults. It is significant in tMs respect that 
some fields of science have been able to retain 
more of their primal status than others, and 
with everyone ^s full approval. Whose heart 
does not beat faster when he hears of the 
astronomer’s search? Who doubts the value 
of the archeologist’s labors? Astronomy 
and archeology, together with some other 
branches of endeavor, escaped most of the 
conflict between their intrinsic and applied 
values. Nobody expects the efforts of their 
devotees to lead to new cures for frailties 
of the body or to the discovery of still more 
servants of man. We cannot ^‘sell” these 
disciplines for their pragmatic worth — ^and 
we discover that we need not do so Under- 
standing for their functions exists and sup- 
port is offered without demand for a quan- 
titative balance sheet of money received and 
products delivered. 

It is different in those fields where hopes 
for practical achievements are obvious. 
Eightly we direct specific efforts to such 
goals and rightly do we expect every oppor- 
tunity to be grasped which may offer help 
and relief in our daily lives. Even when we 
contemplatively follow our paths and with- 
out thought of final application, we know 
that such application might, nay, will be 
forthcoming some day. But also, how con- 
venient do we find it, when we doubt our- 
selves or are afraid of standing up for our 
cause, to recall that “fool-experiments” so 
often turned out to be the beginning of most 
rewarding practical pursuits. Thus we be- 
tray the other motive of our labors, and are 
tibe poorer for it. Nor is tMs our only loss. 
"We permit the misplaced emphasis on the 
practical accomplishments of some of the 
Natural Sciences to separate us from our 
comrades in spirit, the Humanities. All 
mankind suffers under such lack of under- 
standing, not only the individual disciplines 
on both sides of the barrier. For what should 
these disciplines be but interrelated attri- 
bute of man and not specialties of men 1 

vr 
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lant in the morning, as sedative at night, 
says scientist.” Too often even scientists 
themselves lose sight of the purposeless as- 
pects of their calling ; particularly since they 
have to devote so much time to the mastering 
of tools that many never graduate from the 
state of the — ^however accomplished — ^tech- 
nician to that of the scholar. 

Some years ago I revisited one of the great 
institutions of research in this country. I 
was glad once again to see my colleagues in 
age and experience and to meet the somewhat 
younger members whose contributions had 
earned them respected names. We talked 
about the developments current in this cen- 
ter, about everybody’s problems, ideas, and 
accomplishments. It was a group of friendly 
cooperators. Each shared his thoughts with 
the others and each quoted freely the views 
of the next, not forgetting to give due credit 
to the originator. There was no mention of 
one man, a somewhat older member of the 
laboratory, not by any means an old man, 
for he had not yet ended the fifth decade 
of his life. When we bright young men were 
still in grade or high school, he was already 
following an intricate path in science, the 
description of which has become one of the 
rare, true classics in his field. It had been 
the opening fanfare to a series of discoveries 
of lasting beauty. The name of this man 
inevitably would come to mind among the 
first when one thought of this group which 
his ideas had helped to found. 

“How about Sedgwick?”, I inquired. 
^ ‘ Sedgwick ? ’ ’ — embarrassed shrugging of 
shoulders. Good old Sedgwick, he did not 
swim in the common stream. He did not 
participate very much in the most modern 
discussions. He tried to linger along the 
routes which the army whose advance guard 
he once formed had left behind. To smooth 
the roads, to open some pretty side views was 
not completely useless, my friends said, but 
was it not too bad to stay away from the 
joint, cooperative attempt to add a new mile 
to the highway? 

The later comers had forgotten the begin- 
nings of the highway. Dreamy followers of 
crooked paths had been their predecessors. 
Had the man, whose absence in their midst 
they considered with regretful condescen- 
sion, remain^ on the highway of Ms period, 
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instead of -pandering on side lanes, they 
would not have been able to push along their 
well-planned drive. However, this forget- 
fulness was not what saddened me, but 
rather that the younger group did not recog- 
nize the grandeur of the lonely beholder of 
hidden vistas, regardless of whether these 
might become the vantage points of hordes 
of exploiters or whether they remained ob- 
scure. My friends were not immune to the 
urge to wander in solitude, but they did not 
realize that those rarer moments of their 
lives embodied more of an essential feature 
of man’s cause than the long periods of goal- 
hunting cooperation. 

It really spoils the moral of this story, but 
I cannot refrain from mentioning that some 
of the side views, which the man whom we 
called Sedgwick has cut out since that epi- 
sode, have led to broad bases for cohorts of 
followers. 

V 

We are often told that the value of scien- 
tific cooperation extends beyond its immedi- 
ate goal, that it is a form of altruism which 
by necessity paves the way for larger efforts 
of human collaboration. Here is a group 
of people who practice daily the moral teach- 
ing of mutual help. Must they not be led to 
adopt a general attitude of humane spirit! 
Alas, this is not much more than a pious hope. 
Do not business men join in associations in 
which they cooperate according to a circum- 
scribed code — ^and do they not engage in vio- 
lent competition among themselves in spite 
of it! Do not the teachings of patriotism 
and nationalism imply a worthy cooperation 
within large groups of individuals and do 
they not too often at the same time set rigid 
limits to brotherly love and even incite to 
hatred toward those outside one’s own 
nation ! 

Nowhere could the supposed effect of scien- 
tific cooperation be better tested than in 
international scientific congresses. Here 
often fifty or more different nations, of dif- 
ferent cultural background, of different skin 
color, and with most diverse political prob- 
lems and goals peacefully sent delegates to 
one common meeting-ground to discuss scien- 
tific matters, to live together, to join in com- 
mon receptions, dinner-parties, and excur- 


sions. Never did the welcoming speakers 
forget to tell such a gathering that it repre- 
sents a hopeful sign, a new link in the bond 
that will bring aU the peoples together in 
civilized cooperation. But watch the indi- 
vidual delegates 1 Observe the fight to have 
this or that tongue admitted as an ofiBicial 
language of the congress. Follow the strug- 
gle as to which country wHl carry away the 
prestige — ^not the honor — of being the seat 
of the next international meeting. Many of 
the scientists seem to regard the congress as 
an arena in which to exhibit the virtues of 
their nation, a battlefield on which to guard 
their people jealously against any attacks 
from the enemies. Yes, one could tell true 
stories where the housing of some delegates 
on the fourteenth instead of the fifteenth 
floor of the dormitory — or was it the reverse! 
— ^had been turned into a “diplomatic” 
affair! 

However, this is indeed not a complete 
picture. There were sincere sentiments pres- 
ent among the participants of such coopera- 
tive meetings so that general human under- 
standing and mutual help in all civilized 
endeavors were sought. Bonds between 
nations became visible and artificial barriers 
disappeared. The contrast between national 
jealousies and honest joining of hands is not 
to be wondered at. Science as a technique, 
as a profession out for results — why should 
it foster wider human ideals! It is a closed 
system in which purposes, if fulfilled, con- 
stitute its own limits. On the contrary, 
science as an expression of a deep general 
human trait, as the detached attitude of the 
enchanted searcher and spectator transcends 
itself in wanting aU truly human qualities 
expressed without external restraint. The 
comradeship of the great has always disre- 
garded artificial boundaries of space and 
even those of time. 

It is perhaps not without significance that 
English scholars have been among those who 
showed the clearest realization of the wider 
aspects of the supranationalism of science. 
The attitude of the amateur, the lover of his 
labors, is, as we saw, still widely spread in 
England. Continental scientists as a group 
are much more professionalized and, besides, 
they have been taught to think in separate 
compartments : collaboration in obtaining re- 
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suits — and use of the collaborative product 
for mutual destruction. In America, as in 
England, scientists are freer from prejudices 
than elsewhere. However, it may be won- 
dered what strain the American attitude 
could bear since this freedom is based less 
often on the deep recognition of the cultural 
motive of scientific search than on a fortunate 
lack of narrow nationalism. 

VI 

The line of separation between amateur 
and professional, between scholar and techni- 
cian, between the wanderer and the goal- 
hunter, does not separate individual from 
individual. It passes through most of us 
who are engaged in the pursuit of science. 
The student who devotes himself with the 
greatest abandon to the human value of his 
interests finds it hard to attain freedom from 
personal vanity and professional pride, while 
even the most mechanized worker cannot 
help feeling some of the joys of indepen- 
dence. 

This essay does not attempt to preach a 
Vart pour Vart attitude, a hopeless under- 
taking — even if it were desirable — ^in this 
time when the heralds of the social signifi- 
cance of science fill the air with their pro- 
nouncements. But we need a wider and 
deeper realization of the value of science as 
an expression of a detached essence of human 
existence. Even scientists often answer the 
question of why they devote themselves to 
their work by replying that they do so be- 


cause it is fun 1 It is important, however, to 
understand that the pleasure which the in- 
vestigator derives from his work contains an 
element of a nature different from that inher- 
ent in an hour of ephemeral play. The 
‘^fun^’ of the investigator transcends the 
individual and attains its social justification 
as an attribute of humanity. 

As important as the planning and the co- 
operative effort of scientific undertakings is, 
it follows from these considerations that 
society should not subsidize and organize 
science only for its results pure or applied. 
It should foster science in the same spirit in 
which it erects museums, churches, and 
useless monuments, in which it delegates 
painters and sculptors to adorn public build- 
ings with murals and statues, in which it 
engages gardeners to plant fiowers and beau- 
tiful trees within dusty cities, and, yes, in the 
spirit in which it feeds and houses the swans 
which draw their quiet circles on our lakes 
and ponds. We should learn again that, 
although it is not true that the journey is 
all and the destination nothing, the journey 
is worth much. “A stroller can make no 
detours, said Schopenhauer. We should 
encourage anew the roaming after knowledge 
for the sake of the joyful adventure. In our 
permanent task to give meaning to our lives 
it will help us at least as much to meet the 
lone wanderer of science as the successful 
member or even captain of the conquering 
team. The joy of the journey is never-end- 
ing, that of reaching a goal always passing. 



THOMAS PAINE: SCIENTIST-RELIGIONIST 

By Ralph C Roper 


AYhen the great German-Enghsli astrono- 
mer, Sir William Herscliel, first opened his 
inquiring eyes on the immense starry heavens 
(173S), Thomas Paine had already been 
creeping about, intent on more mundane ex- 
plorations He was nine months Herschel’s 
elder. The paths of these newcomers were 
destined to cross frequently, although I find 
no evidence that either was aware of the 
other. 

At the age of nineteen, Herschel, vith 
nothing more than a French crowiipiece in 
his pocket, reached London from Hanover. 
Paine, w’ho had been born in Thetford, had 
gone to London, where he was eking out less 
than a fair living. Herschel was a musician ; 
Paine, a staymaker — of ship stays. Later, 
when the one was conducting concerts, the 
other was teaching school, and occasionally 
preaching on the side, as a Methodist 

Both Herschel and Paine became amateur 
astronomers by studying the same book, 
Ferguson’s Asironomy, and by listening to 
the same scientific and philosophical lectures 
at the Royal Society. To Sir Joseph Banks, 
president of the Society, both men submitted 
reports of their scientific discoveries: Her- 
schel’s, dealing with the stars of the Milky 
Way; and Paine’s, showing the use of the 
arch in the construction of iron bridges. 
When Herschel was at Sunderland in 1761, 
dining ‘^at Mr. Walker’s,” he was at the 
very same place where Paine’s iron bridge — 
the first iron bridge traveled by commerce — 
was built over the River Wear, by the Messrs. 
Walker Foundry. 

At about the same time that Herschel re- 
ceived a medal from the Royal Society, in 
recognition of his brilliant achievements in 
the field of astronomy, Paine was in Paris 
receiving the plaudits of the King and Queen 
of France, who, according to the French his- 
torian, Lamartine, “loaded Paine with fav- 
ors.” He had gone there with Colonel 
Laurens to secure aid for Washington’s 
army. Incidentally, it took sixteen ox-teams 
to haul from Boston to Washington’s head- 
quarters the 2,500,000 livres of silver and a 


convoy ship of clothing and military stores, 
given by France to the colonies. The victory 
at Yorktowii soon followed. 

Herschel was given the honorary degree of 
LL.D. by Oxford University at about the 
same time that the University of Pennsyl- 
vania celebrated the -Ath of July by granting 
to Paine the degree of M A. 

In 1786, Herschel ^vas elected a member of 
the American Philosophical Society at Phil- 
adelphia, of Avhich Paine had been a member 
for a number of years. He had prepared 
the preamble to the act incorporating the 
Society, February 14, 1780, and was Clerk of 
the Pennsylvania xVssembly at the time the 
act \vas adopted. 

And so ran, in part, the lives of these two 
“inspired amateurs” of astronomy who came 
to similar conclusions as to the immensity of 
the heavens 

The scientific activities of Paine cannot be 
considered separately from his religious opin- 
ions. He always approached the study of 
science from the viewpoint of religion, and 
the study of religion from the viewpoint of 
science. To him, the study of science was the 
study of God. One cannot rightly under- 
stand the scientific and religious views of 
Paine, nor of Franklin, Jefierson, and other 
Deists of their time, whether in America, 
France, or England, unless one realizes that 
they were essentially nature worshippers — 
God worshippers through nature. Paine 
built all his political, religious, and scientific 
principles upon the laws of nature — ^the 
laws of God. Whether occupied in the for- 
mation of a democratic constitution, or the 
founding of a church, or the construction of 
a bridge, he invariably turned to the laws 
and principles established by “The Great 
Mechanic of the Universe,” “The God of 
Order and HaiTUony.” 

With the intrepid Thetford staymaker, 
all science was divine science, since God was 
“the Creator of Science” and all of its prin- 
ciples. The triangle, gravitation, and the 
planetary motions were all the creations of 
the “ Almighty Power,” “The Creator of the 
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Universe/’ ‘‘The Original Teacher/’ and 
“The First Philosopher.” 

Our first secretary of foreign aifairs and 
his successor of one hundred and thirty-six 
years later, William J. Bryan, agreed upon 
one point, however much they disagreed upon 
others : that our schools and colleges tend to 
produce atheists. The Great Commoner, in 
one of his lectures, charged that the colleges 
were developing infidelity and atheism. 
“Why should the children be taught,” 
queried Bryan, “that it is more important 
to know the age of the rocks than to trust 
in the ‘Rock of Ages’? Why should the 
emphasis be placed on the distance between 
the stars than upon Him who binds ‘the 
sweet influence of Pleiades,’ ‘looses the bands 
of Orion,’ and ‘guides Arcturas with His 
suns’?” 

Rising, as it were, from the grave, and 
speaking again his own words, Paine could 
have joined the great orator in common pro- 
test against the teachers of science: “What 
has man to do with the Pleiades, with 
Orion?” asked Paine, picking up almost the 
very words of Bryan. And then he answered 
his own question; “The Almighty Lecturer, 
by displaying the principles of science in 
the structure of the universe, has invited man 
to study and to imitation. It is as if He had 
said to this globe we call ours, ‘I have made 
an earth for man to dwell upon, and I have 
rendered the starry heavens visible, to teach 
him science and the arts. He can now pro- 
vide for his own comfort, and learn prom 

MY MTJNIPIOENOE TO ALL, TO BE KIND TO ONE 

another’.” 

Continuing in his reasoning, Paine de- 
clared that “it has been the error of the 
schools to teach astronomy and all other 
sciences and subjects of natural philosophy” 
as accomplishments of man; whereas, he 
insisted, these subjects should be taught re- 
ligipU^y, “with reference to the Bemg who 
is the author of them; for all the principles 
of ^mm are of divine origin. Man cannot 
invent, or contrive principles ; he can 
Onty disooVa: thOEOj and he ought to look 
thresh the discovery to the Author.” 

IPo mmm as m accomplishment of 
was living in an age far 
ours) m to “generate in the 
Insfe^ofloofc- 


mg through the ivorks of creation to the 
Creator himself, they stop short and employ 
the knowledge they acquire to ascribe every- 
thing they behold to innate properties of 
matter, and jump over all the rest by saying 
that matter is eternal.” 

Secular schools were not alone to blame. 
Religious instruction, Paine insisted, had 
also gone wrong. Just as science should be 
taught religiously, so religion should be 
taught scientifically. 

According to Paine’s views, religion should 
not be taught solely from “opinions in wTit- 
ten or printed books,” but “in the works of 
the books of creation.” The study of relig- 
ion “m the books of opinions has often pro- 
duced fanaticism, rancor, and cruelty of 
temper ; and from hence have proceeded the 
numerous persecutions, the fanatical quar- 
rels, the religious burnings and massacres, 
that have desolated Europe.” Whereas, the 
teaching of religion “in the works of the 
Creation produces a direct contrary effect. 
The mind becomes at once enlightened and 
serene, a copy of the scene it beholds : infor- 
mation and adoration go hand in hand ; and 
all the social faculties become enlarged.” 

And so, this preacher of science and 
apostle of “the religion of humanity” — a 
phrase which he himself coined — ^believed 
that every clergyman should be a philosopher, 
and every church a school of science. 

“The Bible of Creation is inexhaustible in 
texts. Every part of science, whether con- 
nected with the geometry of the universe, 
with the systems of animal and vegetable 
life, or with the properties of inanimate mat- 
ter, is a text as well for devotion as for 
philosophy — ^for gratitude as for human im- 
provement. It will perhaps be said, that if 
such a revolution in the system of religion 
takes place, every preacher ought to be a 
philosopher. Most certainly; and every 
house of devotion a school of science.” 

Under such a plan, they could render 
religion “the most delightful and entertain- 
ing of all studies,” wherein “scientific in- 
struction” could be given freely “to those 
who eonld not otherwise obtain it.” “The 
mechanic of every profession will there be 
taught the mathematical principles necessary 
to render him proficient in his art ; the culti- 
vator will there see developed the principles 
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of vegetation; while, at the same time, they 
will be led to see the hand of God in all 
things.’’ 

Is the day approaching when such teach- 
ings will be recognized as indispensable to 
the larger spiritual and material abundance, 
when God and men may join forces to make 
a better world in which God and men may 
live more happily together? 

But what about God’s revelation to man? 

But some, perhaps, will say: Ai-e we to have no 
Word of God — ^no revelation? I answer, Yes; there 
is a Word of God ; there is a revelation. 

THE WORD OF GOD IS THE CREATION WE 
BEHOLD, and it is this word, which no human in- 
vention can counterfeit, that God speaketh univer- 
sally to men. 

It is only in this Creation that all our ideas and 
conceptions of a Word of God can unite. The Crea- 
tion speaks a universal language independently of 
human speech or human language, multipled and 
various as they be. It is an ever-existing original, 
which every man can read. It cannot be forged; it 
eaianot be counterfeited ; it cannot be lost ; it cannot 
be altered; it cannot be suppressed. It does not de- 
pend upon the will of man whether it shall be pub- 
lished or not ; it publishes itself from one end of the 
earth to the other. It preaches to aU nations and to 
aU worlds; and this Word of God reveals to mankind 
all that is nee^sary for man to know of God. 

Do we want to know His power? We see it in the 
immensity of the Creation. Do we want to contem- 
plate His wisdom! We see it in the unchangeable 
order by which the incomprehensible whole is gov- 
Do we want to contemplate His munificence? 
We see It in ^e abundance with which He fills the 
Do we want to contemplate His mercy ? We 
H in BO® n^t withboldn^ that abundance even 
mmiJwSkftiL In fine, do we want to know 

^ : . r.' ' I, 


ivhat God is? Search not the book called the Scrip- 
ture, which any man might make, but the Scripture 
called the Creation. 

Twenty-one years before Herscbel wrote 
bis final conclusions (1818) on tbe Nebulae, 
^‘Island Universes,” ''Nebular System,” 
"Planetary Clouds,” "1500 universes,” and 
"how the heavens move,” Thomas Paine had 
discussed in The Age of Reason essentially 
the same subjects. The first part of this book 
was mainly a treatise on astronomy. 

Astronomer Paine enjoyed nothing more 
than to study the plurality of worlds, sys- 
tems, and universes of worlds, in the in- 
finitude of space; in which our little earth 
"is suspended, like a bubble or balloon in 
the air,” like "the smallest grain of sand is 
to the size of the world,” or "the finest 
particle of dew to the whole ocean.” And 
so on and on he penetrated into space, trying 
to find the end, ' ' till the fatigued imagination 
returns and says, There is no ench^^ 

Wrote Hersehel in 1817: "Our ‘sun, with 
all the stars we can see with the eye, are 
deeply immersed in the Milky Way, and form 
a component part of it.” 

Wrote Paine in 1797 : The sun and its 
system of planets, "immense as it is, is 
only one system of worlds. Beyond this, at 
a vast distance into space, far beyond all 
power of calculation, are the stars called 
fixed stars. They are called fixed because 
they have no revolutionary motion, as the 
six worlds or planets have that I have been 
describing. Those fixed stars continue always 
the same distance from each other, and al- 
ways in the same place, as the sun does in the 
center of our system.” 

Then, here again Paine anticipated Her- 
schel: "The probability, therefore, is that 
each of those fixed stars is also a sun, round 
which another system of worlds, or planets, 
though too remote for us to discover, per- 
forms its revolutions, as our system of worlds 
does around our sun. ’ ’ Paine theorized that 
these worlds, like onr own, are populated 
with human beings, or beings of some kind. 
His reasoning was not based alone on his 
peering into the infinity of spaces. He looked 
about him and saw the earth and the waters 
and the air filled with life, from the largest 
animals to those "totally invisible without 
the assistance of a microscope. Every tree, 
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every plant, every leaf serves not only as a 
habitation but as a world to some numerous 
race, till animal existence becomes so exceed- 
ingly refined that the effluvia of a blade of 
grass would be food for thousands.’’ 

And then Paine queries: Since no part 
of the earth is unoccupied by life, “why is it 
to be supposed that the immensity of space 
is a naked void, lying in eternal waste? 
There is room for millions of worlds as large 
or larger than ours, and each of them mil- 
lions of miles apart from each other.” 

Discussing further his theory of the x>lu- 
rality of w^orlds : 

But it is not to us, the inhabitants of this globe, 
only, that the benefits arising from a plurality of 
worlds are limited. The inhabitants of each of the 
worlds of which our system is composed enjoy the 
same opportunities of knowledge as we do. They 
behold the revolutionary motions of the earth, as we 
behold theirs. AH the planets revolve in sight of 
each other, and, therefore, the same univeisal school 
of science presents itself to all. Neither does the 
knowledge stop heie. The system of worlds next to 
us exhibits, in its revolutions, the same principles 
and school of science to the inhabitants of their sys- 
tem as our system does to us, and in like mannei 
throughout the immensity of space. 

Our ideas not only of the Almightiness of the 
Creatoi, but of His ^^usdom and beneficence, become 
large in proportion as we contemplate the extent and 
the structure of the universe. The solitary idea of 
a solitary world lolling or at rest in the immense 
ocean of space gives place to the cheerful idea of a 
society of worlds so happily contiived as to admin- 
ister, even by theii motion, instruction to man. We 
see our earth filled udth abundance, but we forget to 
consider how much of that abundance is owing to 
the scientific knowledge the vast machinery of the 
universe has unfolded. 

And then, in bis characteristic way, which 
made for him many and bitter enemies among 
the orthodox theologians of his day, Paine 
criticised what he believed to be the exclusive- 
ness of the Christian faith : 

But, in the midst of these reflections, what are we 
to think of the Christian system of faith that forms 
itself upon the idea of one world only, and that of 
no greater extent, as is before shown, than twenty- 
five thousand miles! An extent of which a man 
walking at the rate of three miles an hour, for twelve 
hours in a day, could he keep on in a circular diiec- 
tion, would walk entirely around in less than two 
years. Alas! What is this to the mighty ocean of 
space, and the almighty power of the Creator? 

Erom whence, then, could arise the solitary and 
strange conceit that the Almighty, who had millions 
of worlds equally dependent on His protection, 
should quit the care of all the rest, and come to die 


m our world, because, they say, one man and one 
woman had eaten an apple? 

Could a mail be placed in a position, and endowed 
with the power of vision, to behold at one view, and 
to contemplate deliberately, the structme of the uni- 
verse; to mark the movements of tlie several planets, 
the cause of their varying appearances, the unerring 
order in which they revolve, even to the remotest 
comet; their connection and dependance on each 
other, and to know the system of iav:s established by 
the Creator, that governs and regulates the whole, he 
would then conceive, far beyond what any church 
theology can teach him, the power, the wisdom, the 
vastness, the magnificence of the Creatoi ; he would 
then see, that all the knowledge man has of science, 
and that all the mechanical arts by which he renders 
his situation comfortable here, are deiived from that 
source ; Ms mind, exalted hy the scene, and convinced 
by the fact, would increase in gratitude as it in- 
creased in knowledge; his religion and his worship 
would become united with his improvement as a man ; 
any employment he followed, that had any connection 
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with the principles of creation, as everything of agri- 
culture, of science and of the mechanical arts have, 
would teach him more of God, and of the gratitude 
he owes to Him, than any theological Christian 
sermon he now hears. 

Had Thomas Paine never “purchased a 
pair of globes,” or used a telescope, he might 
never have incurred the enmity of the funda- 
mentalists of his day, and might have been 
listed among the -world’s sainted men. 
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It is exceeding^ difficult iu this day to 
comprehend how it could have been possible, 
even m his day, that his belief in the plu- 
rality of worlds could have been a major con- 
tributing cause of his downfall in popularity. 
As the inspirer of the English romantic poets 
and recognized leader of the 18th century 
revolutionary movement, perhaps no man 
had a greater following in England, France, 
and America than Paine. Yet, the publica- 
tion of The Age of Beason (1794-95) was 
disastrous to his reputation. Announcement 
of his belief in a plurality of worlds and in 
the Bible of Creation brought upon him a 
plurality of attackers. Even as late as 1817, 
eight years after Paine’s death, the battle 
was still raging. 

Among the many who arose to attack his 
religious and scientific theories, was the Rev. 
Thomas Chalmers, D.D. If there are other 
worlds, said he, ‘‘how can we reconcile the 
fact with the silence of the Scriptures?” 
“What about revelation?” Quoting from 
“Mr. Andrew Puller, in answer to Paine,” 
Chalmers continued: “If our world be only 
a small province, so to speak, of God’s vast 
empire, there is reason to hope that it is the 
only part of it where sin entered, except 
among the fallen angels ; and that the endless 
myriads of intelligent beings in other worlds 
are all the hearty friends of virtue, of order, 
and of God>” In which ease, Mr. Puller con- 
cluded, there would have been no need for 
the Creator to send his Son to the other 
worlds, as He had found it necessary to do 
as to the earth. 

Defending the inerrancy of the science of 
the Bible’s story of creation, and other stor- 
Dr. Chalmers in his answer to Paine de- 
clared: “Thus the Bible is made to speak all 
^^kiions, whether philosophical or religious. 
Philosophy must submit to the authority of 
divine revelation ; until the mind is willing to 
make this book the standard of truth, and the 
foundation of knowledge, it will find no rest 
amidst the wanderings of the imagination, 
the ebullitions of vanity, and the fluctuations 
of sentiment.” 

It w^ a sad day for Paine to look back to 
— day when he became a “m^ter of the 
globes and of the orrery.” How his expert 
operation of a miniature planetarium could 
have thus , brought upon him an everlasting 


curse, is as interesting as it is incomprehen- 
sible ill our time. 

The Hayden Planetarium in New York 
City and similar places in other cities are 
visited by millions of people, without the 
least thought that they might thereby be 
guilty of heresy. They see the possibility of 
a plurality of worlds exhibited before their 
very eyes. There is the orrery that wrecked 
Paine’s fame! Yet, orthodox and liberal, 
Catholic, Jew, and Protestant, members of all 
faiths and of none, flock to see the orrery in 
its demonstrations of our planetary system, 
and come away rejoicing at the marvelous 
scientific and spiritual lessons they have re- 
ceived. Each and all go away blessed and 
confirmed in their own religious convictions. 

In order to understand the connection of 
the orrery in Paine’s life, and the possible 
cause for the curse it brought upon him, let 
him tell his own story: “After I had made 
myself master of the globes and of the orrery, 
and conceived an idea of the infinity of space, 
and the eternal divisibility of matter, and had 
obtained at least a general knowledge of what 
is called natural philosophy, I began to com- 
pare, or, as I have before said, to confront 
the eternal evidence these things afford with 
the Christian system of faith.” 

And so, more than a century and a half 
ago, astronomer Paine was busy with his lit- 
tle planetarium, reaching the conclusion that 
“the hand that made us is divine.” 

In describing the orrery, Paine added this 
interesting footnote: “As this book may fall 
into the hands of persons who do not know 
what an orrery is, it is for their information 
I add this note, as the name gives no idea of 
the uses of the thing. The orrery has its 
name from the person who invented it. It is 
a machinery of clockwork, representing the 
universe in miniature, and in which the revo- 
lution of the earth round itself and round 
the sun, the revolution of the moon round the 
earth, the revolution of the planets round the 
sun, their relative distances from each other 
and their different magnitudes, are repre- 
sented as they really exist in what we call the 
heavens.” 

Why did Paine’s belief in the plurality 
of worlds and in the Bible of Creation de- 
stroy his popularity? His contemporary, 
William Pitt, gave the answer when he said 
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that science and philosophr are all right, but 
they must be discussed among scientists and 
philosophers only. The masses must have 
none of them. That was the prevailing opin- 
ion of the time. Theology was not yet freed 
from the traditional chains that bound it to 
dogma and bigotry. The earth and its people 
played the most important part, indeed, the 
exclusive part, in the economy of the uni- 
verse. That the Creator might possibly be 


In the United States, Paine’s Age of Rea- 
son and his theories of the universe stirred 
up a veritable hornet’s nest among the clergy 
and the colleges. “The effect of The Age of 
Reason on the community,” declares Wood- 
bridge Riley in his American Thought, “may 
be easily imagined. The clergy attacked it, 
the colleges criticized it, but the populace 
read it.” The book spread like wild fire, 
especially throughout the West and the 
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equally interested in other worlds and other 
peoples seemed to be a body blow to Chris- 
tianity itself. Paine wrote The Age of Rea- 
son for the masses to read, and they read it. 
That was his unpardonable sin. 

But Paine did not write for the multitude 
alone. The intellectuals of his time also read 
the book, some with avidity to satisfy their 
craving for freedom of thought and expres- 
sion in religion, and others to prepare them- 
selves to launch bitter attacks and to heap 
vituperation upon Paine and his book. 


ONCE OWNED BY J. B. PRIESTLEY, FRIEND OP PAINE. 

South. I recall that in the pioneer days in 
the West, debating clubs and cracker barrel 
forums discussed the many theological issues 
that the book raised. Lincoln read it and 
■wrote a similar book on the Bible. Fortu- 
nately for him and the country, his friend 
Hall threw the manuscript into the stove. 
Paine’s book was published; Lincoln’s was 
not. Publicity has much to do with men’s 
reputations. 

Paine’s most prolific and distingui^ed 
opponent in the United States was President 
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Timothy Dwight of Yale University. As the 
leader of the opposition, he did much to make 
Paine the recognized leader of the Deistic 
movement that swept the country. At Har- 
vard University, the situation became com- 
plicated : students neglected their studies to 
read Paine’s book I And why notf Had 
not the president of Harvard reqyiested Paine 
to write a poem on T\e In)jention of Letters^ 
and had it not been delivered in Cambridge 
on the day of the annual commencement, 
July 15th, 1795? Down at Princeton Uni- 
versity, ^^Tlie Age of Reason was opposed by 
the philosophy of common sense,” declares 
Riley. 

The Deistic movement waned and finally 
disappeared. An important outgrowth was 
the New England Transcendentalism. ‘‘It 
denied the need of miraqle, revelation, de- 
pendence on an outward standard of faith; 
it affirmed the need of intuition, mystic 
ecstacy, inward dependence upon an im- 
manent life. As the philosopher of Concord 
exclaimed: ‘Here is now a perfect religion, 
which can be set in an intelligible and con- 
vincing manner before all men by their rea- 
son’.” 

Paine not only dabbled in the physical 
sciences, but also in the metaphysical. The 
spiritual side of science was more attractive 
to him. Much as Emerson was a mystic, so 
was Paine, and both got their greatest in- 
spiration from the teachings of the Orient. 

Paine and Emerson both stressed the cre- 
ative power of THOUGHT. To which Paine 
added motion. Thought and Motion — these 
were the creative forces of both God and 
man. Paine characterized God as “Uni- 
versal Mind,” the “First Cause” — the Mind 
that had spoken the Word and thereby had 
called forth the universe, and had sustained 
it by motion This was Paine’s theory of 
creation — quite in line with the Genesis story. 

In thus advancing the theory of the control 
of mind over matter, that mind preceded 
matter, Paine seems to have anticipated some 
present-day scientists, including Sir James 
Jeans, Sir Arthur Stanley Eddington, Pro- 
f^sor Robert A. Millikan, and others, who 
se«m to believe (quoting the words of Jeans) 
that “scimee almost approaches unanimity” 
in iiB claim that “the stream of knowledge 
is h^ded toward non-meehanieal reality”; 


that the universe now begins to look more like 
“a great thought than like a machine”; and 
that scientists now suspect that mind should 
be hailed as “the creator and governor 
of the realm of matter.” 

That Paine delved into the realm of meta- 
physics, and discussed, in his characteristic 
way, the creative powers of thought and 
motion, are matters which have not hereto- 
fore been pointed out, I believe, in any bio- 
graphical or periodical writings on Paine. 
Let us, then, take a look at Paine, the meta- 
physician. 

Paine delighted to speculate in theories of 
thought creations, thought vibrations, the 
povrer of motion, and how we get our 
thoughts, as he did to experiment in concrete 
forms of government or in the motive power 
of steam and gunpowder. 

First of all: how do thoughts get about? 
Paraphrasing Paine’s words: Thoughts get 
about, man knows not how, and once re- 
leased, they cannot be recalled They wind 
their progress from nation to nation, and 
conquer by a silent operation. Man finds 
himself changed, he scarcely perceives how. 
Thoughts are more powerful than armies. 
“An army of principles will penetrate where 
an aimy of soldiers cannot go ; it will succeed 
where diplomatic management would fail ; it 
is neither the Rhine, the Channel, nor the 
Ocean that can arrest its progress; it will 
march on the horizon of the world, and it will 
conquer” Behold, the power of thought' 

Paine conceived God as a Being of mind 
and will, “a Being whose power is equal to 
His will.” His definition comprehends the 
power to will into existence that which he 
wished to create. The will of man, declared 
Paine, “is of infinite quality,” the limits of 
which “we cannot conceive.” But how “ex- 
ceedingly limited is his power of acting com- 
pared with the nature of his will. If man’s 
powers were equal to his will, he would be 
God,” for “he would will himself eternal, 
and he so. He could will a creation, and 
could make it.” 

“In this progressive reasoning,” continued 
Paine, “we see in the nature of the will of 
man half of that which we conceive in think- 
ing of God ; add the other half, and we have 
the whole idea of a Being who could make the 
universe, and sustain it by perpetual motion ; 
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BUST OE THOMAS PAINE, 

because He could create that motion.” 
‘‘How numerous are the degrees, and how 
immense is the difference of power, from a 
mite to a man.” 

‘‘Since, then, everji:hing we see below us 
shows progression of power, where is the 
difficulty in supposing that there is, at ike 
summit of all things, a Being in whom an in- 
finity of power unites with the infinity of the 
’wullf When this simple idea presents itself 


BY JOHN WESLEY JARTIS 

to our mind, we have an idea of a perfect 
Being that man calls God.” 

“It is comfortable to live under the belief 
of the existence of an infinite protecting 
power ; and it is an addition to that comfort 
to know that such a belief is not a mere con- 
ceit of the imagination,” but “a belief de- 
ducible by the action of reason upon the 
things that compose the system of the uni- 
verse; a belief arising out of visible facts.” 
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Emerson put forth the idea that thoughts 
are immortal once they are vibrated into the 
ether; that the ether is an infinite reservoir 
of our thoughts; that ^ve may pick them up 
out of the ether if we are mentally attuned 
to its vibrations ; and that we may think the 
thoughts of Plato and of the saints, 

Paine divided thoughts into two kinds: 
those that we produce in ourselves by re- 
flection and the act of thinking, and those 
that bolt into the mind of their own accord.’’ 
And then he made a statement, which, if 
science should ever sustain it, might account 
for Paine’s uncanny capacity for knowledge: 

have always made it a rule to treat these 
voluntary visitors with civility, taking care 
to examine, as well as I was able, if they 
were worth entertaining, and it is from them 
that I acquired almost all the knowledge 
that I have.” 

What a challenging statement ! Did Paine 
there disclose the secret of his extraordinary 
powers? Did he write and act under ‘‘in- 
spiration”? Dr. Alexis Carrel, Nobel prize 
winner and Eockefeller Foundation author- 
ity, has said that “great discoveries are not 
the product of intelligence alone”; that “all 
great men are endowed with intuition,” 
which “phenomenon in former times was 
called inspiration.” 

But motion, Paine believed, had to accom- 
pany thought to make it creative. Here was 
his theory: “The universe is composed of 
matter, and, as a system, is sustained by 
motion. Motion is not a ^property of matter, 
and without this motion the solar system 
could not exist.” The motion that upholds 
the solar system “operates to perpetual pre- 
servation, and to prevent any change in the 
state of the system.” 

“When, therefore, we discover a circum- 
stance of such immense importance that with- 
out it the universe could not exist, and for 
which neither matter, nor any nor all the 
properties can account, we are by necessity 
forced into the rational conformable be- 
lief in the existence of a cause superior to 
matter, and that cause man calls God.” 

And then Paine hurled his famous chal- 
lenge at the atheists: “Who then breathed 
into the system the life of motion? What 
power impelled the planets to move?” 
“Where will infidelity, where will atheism, 


find cause for this astounding velocity of 
motion, never ceasing, never varying, and 
which is the preservation of the earth in its 
orbit?” “The atheist who affects to reason, 
and the fanatic who rejects reason, plunge 
themselves alike into inextricable difficul- 
ties.” 

Professor Harry Hayden Clark of the 
University of ‘Wisconsin, long a student and 
writer on Paine’s ideas and activities, sug- 
gests that he may have derived his explana- 
tion of planetary motion from New’ton, who, 
in his letters to Bentley, “postulates a divine 
power as necessary to explain planetary 
motion.” Professor Clark observes that 
Paine saw “in the structure of the universe,” 
“an unerring regularity of the visible solar 
system,” “the God of Order and Harmony,” 
“the Supreme Architect of the Universe.” 
Declared Paine : “This harmony in the works 
of God is so obvious that the farmer in the 
field, though he cannot calculate eclipses, is 
as sensible of them as the philosophical as- 
ti'onomer. He sees the God of Order in every 
part of the visible universe.” 

But, how did motion begin? Here was 
Paine’s answer: The “Power that called us 
into being.” To have sounded the call was 
enough to have started all the machinery 
of the universe into action ! 

Paine’s theory that God called forth the 
universe, and called motion into action to 
sustain His creation, was more in harmony 
with the Genesis story of creation than his 
attackers realized. We are told that “the 
Spirit of God moved upon the face of the 
waters.” Pour times in the first chapter of 
Genesis, we find the expression: “And God 
called/^ The phrase “And God said” ap- 
pears nine times in the same chapter. It 
thus seems, according to the Bible, that God 
spoJce, and His handiwork came forth into 
being. 

Let us now turn to the field of applied 
science and invention. In this field also, 
Paine demonstrated considerable genius. 
His friend, Joel Barlow, once wrote: “Bio- 
graphers of Paine should not forget his 
mathematical acquirements and his mechan- 
ical genius.” Among his numerous inven- 
tions were a planing machine, a new crane, a 
smokeless candle, a wheel of concentric rim, 
a scheme for using gunpowder as a propel- 
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lent, and other items. Dr. John Wakefield 
FranciSj AvhOj as a young man, had known 
Paine, in his recollections of Old New York, 
praises Paine ^s ‘‘timely” article, written in 
1806, entitled, “The Cause of Yellow Fever.” 

Paine’s real contribution to the invention 
of the steamboat has been established. Paine, 
Pitch, Eumsey, and Pulton conducted their 
experiments independently. They were all 
close friends. Sir Eichard Phillips, who as- 
sisted Pulton in his steamboat expeidments 
on the Thames, gives credit to Paine in a 
controversy between Fitch and Eumsey, both 
of whom admitted Paine’s priority in the 
application of steam to navigation. Pulton, 
to whom Paine gave all of his papers and 
experiments, received all the credit for the 
steamboat. 

Newton saw an apple fall, and announced 
the law of gravitation. Paine watched a 
spider spin its web, and designed the first 
cast-iron bridge. Patent No. 1667 for his 
bridge was issued to Paine by “His Most Ex- 
cellent Majesty King George the Third,” 
whom Paine had characterized as the “Eoyal 
Brute” in the fight for American Indepen- 
dence. James Parton has reminded us that 
it was the principle of Paine’s arch that 
“now sustains the marvelous railroad depots 
that half abolish the distinction between in- 
doors and out.” And Dr. Eobert Collyer, at 
the opening of the Brooklim bridge, observed 
that to Paine belonged the credit of the great 
invention, and deplored the fact that ignor- 
ance and bigotry had meanly denied it to 
him. 

I have in my possession a picture of the 
cast-iron bridge built over the Eiver Wear at 
Sunderland. Paine’s patent was issued in 
1788. I also have a letter, dated November 
7th, 1936, signed by J. A. Charlton Deas, 
Director of the County Borough of Sunder- 
land, Public Libraries, Museum and Art 
Gallery, of Sunderland, certifying as to the 
bridge built under Paine’s patent. The 


writer states: “The Wearmouth Bridge 
Foundation Stone was laid with Masonic 
honours, 24th September, 1793; the bridge 
was opened 9th August, 1796. . . . Built of 
cast iron and w’lth a span of 236 feet, it was 
one of the most daring structures ever built 
in this material ’ ’ The writer further states : 
“In 1859 the roadway was leveled and the 
structure widened and strengthened by Eob- 
ert Stephenson. When the bridge was de- 
molished in 1929 (having become too narrow 
for modern traffic), the original cast iron 
ribs were found to be in perfect condition.” 

The famous Cathedral of Notre Dame in 
Paris housed, for a time, the religious ser- 
vices of The Society of Theophilanthropists, 
which was founded by Paine and five fam- 
ilies, in 1797. The name, a combination of 
three Greek words, signify God, Love, and 
Man. Paine delivered the inauguration ser- 
mon entitled “The Existence of God.” 
Throughout his writings, we find an intense 
belief in a common unity, a common brother- 
hood, and a common faith — ^faith in the ulti- 
mate freedom of all mankind. Freedom of 
body, freedom of mind, and freedom of soul. 
To these freedoms he dedicated his life. 
Great men and women of science, in all coun- 
tries, may well consecrate their lives to the 
achievement of these freedoms, in the spirit 
of ’76, as expressed by Paine in these words : 

These are the times that try men's souls. The 
summer soldier and the sunshine patriot will, in this 
crisis, shrink from the service of their country; but 
he that stands it now, deserves the love and thanks 
of man and woman. Tyranny, like hell, is not easily 
conquered ; yet we have this consolation with us, that 
the harder the conflict, the more glorious the triumph. 
What we obtain too cheaply, we esteem too lightly: 
it is dearness only that gives everything its value. 
Heaven knows how to put a proper price upon its 
goods; and it would be strange indeed if so celestial 
an article as FREEDOM should not be highly rated. 

Tbomas Paine, Citizen of the World, well 
said: “The world is my country, and to do 
good is my religion.” 
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By MERRILL WEED 


Wherever boys are boys, someone now 
and then has the idea of heating the gang 
headquarters with a wood fire built in a 
length of sewer pipe. It seems to work beau- 
tifully at first. Just when the fire is roaring 
its merriest one side of the ‘‘stove” may fall 
out and spill the hot contents onto the floor 
The amateur fire department must then go 
into action pronto. The boys learn that 
sewer pipe is not designed for such service. 



Such attempts as this are about as far as 
we have gone in the United States toward 
making stoves out of clay. To be sure, open 
fireplaces are built of firebrick, and many 
stoves and furnaces have the firebox lined 
with brick that will stand high temperatures. 
But our stoves, both heaters and cooking 
ranges, always have been made of metal. 

Ill parts of the Old World the winter cen- 
ter of life and warmth in the house is often 
a large and ornate PorzeUanofen or porce- 
lain stove, splendid with its surface of richly 
colored enameled tiles. This kind of stove, 
also called Kachelofen or tile stove, got its 
start in Germany at a time when iron was 
scarce and much in demand for making ar- 
mor. It came to be widely used in central 
Europe. Craftsmen assembled the bricks 
for the fire chamber and applied the orna- 
mental pattern of tiles These stoves are 
heavy and expensive, definitely built into tlie 
houses they warm. They have been greatly 
admired by American travelers, but not 
many of them have been brought to the 
United States, 

Two of the illustrations are of such Euro- 
pean stoves; one shows a richly decorated 
stove in a period room at the Metropolitan 
Museum of Art, New York, the other is a 
model, in the Smithsonian Institution, of a 
tile stove from Norway. 

The United States, where materials have 
always been relatively plentiful and skilled 
labor is expensive, has never developed an 
eartheiware stove industry. Now, with iron 
and steel made scarce by the w^ar, experi- 
menters are attempting to design earthen- 
ware stoves that will be scientific in opera- 
tion, pleasing in appearance, and capable of 
being made by mass production methods 
A project to develop a ceramic space 
heater is under way at The Ohio State Uni- 
versity in cooperation between the Office of 
Production Research and Development of 
the War Production Board and The Ohio 
State University Research Foundation. Sub- 
stantial progress in designing and testing 
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Courtesy of The Uetropeiitan Xaeeum of Art . 
PAIENCE STOVE, SWISS, 17TH CENTtTBT, DEOOKATBD WITH BIBLICAL SCENES 
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THE BOUND GBBAMIO STOVE 

prototype models was reported at a recent 
conference in Columbus that received wide 
interest from clay products manufacturers 
and makers and distributors of stoves. The 
requirements mentioned were good looks, as 
small size and as easy shipping as good engi- 
neering will permit, delivery of thirty to 
forty thousand B.t.u. per hour, use of no 
metal or of very few metal parts, and cost 
of from fifty to one hundred dollars. 

Houses in Europe are ordinarily not kept 
at the cozy temperatures to which Americans 
are accustomed. To be successful, the final 
design must suit American '^nditions. In 
Europe the fuel is ordinarily wood or char- 
ec^ ; stoves for use in this country need to 
be able to burn wood or bituminous coal and 
at a fast enough rate to keep a good-sized 
room comfortably warm. 

The fact that heat transfer is slower in 
agamic material than in metal mak^ it 
neb^ary to d^ign the ceramic stove so the 
tet gSiSes wiB' remain longer in contact with 
heating surfaces than they ordinarily do 
in Expmments have shown 


that a down draft for the flue gases gives 
too much trouble with soot. Accordingly, 
the stoves have been designed so the hot 
gases will travel upward next to the outer 
surface of the heater. A magazine in the top 
holds a twelve-hour supply of coal. The 
heat cokes the fresh fuel, and a down draft 
through the magazine brings the coal gases 
to the fire chamber, where they are burned. 
Burning the gas that is given off increases 
the efficiency of the heater and reduces the 
amount of soot and smoke. 

The coke from the magazine is fed auto- 
matically to the grates, which"^ may them- 
selves be of ceramic materials The hot flue 
gases then pass up through' fire tubes on the 
outside of the heater next to the radiating 
surface. This arrangement makes the heat 
transfer remarkably complete, and the flue 
gases leave the stove relatively cool. As a 
further economy measure, a flue gas radiator 
to circulate the chimney gases and extract 
additional B.t.u. from them may be attached 
to the smoke pipe or to the chimney in an 
upstairs room. The gas leaves the radiator 
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at around 300*^ F., about a third the tem- 
perature of flue gases from an ordinary 
stove. 

The ability of eeramie material to retain 
heat should make an earthenware stove less 
"‘flashy’^ in operation than one of metal. It 
may be designed to maintain rooms at an 
even temperature. The effect is somewhat 
like that of a hot brick in keeping feet warm 
on a long buggy ride. 

Nothing like the handwork of the KacJieU 
of 671 is contemplated for the ceramic space 
heater. What is intended is that the various 
parts for the stove — ^the high-fusing mate- 
rials for the fire chamber, the enameled out- 
side surfaces, and so on — will be made in 
various clay products plants, with a division 
of the work among sewer pipe manufactur- 
ers, tile factories, and vitreous china works, 
and that the finished product will be assem- 
bled near the market. In that way manu- 
facture will be decentralized and the haul to 
the customer shortened. Whether the stove 
will be shipped assembled or wiU be put 
together in the house like the European 
Kachelofen is a matter that is still under 
consideration. Ordinary stoves, such as mail 
order houses sell, reach the customers all 
assembled except for the legs. Shipping 
eeramie space heaters ready to set up may 
be difficult. Because of its weight and im- 
mobility, the earthenware stove is more in 
the class of the big base-burner than of the 
usual heating stove. Neither it nor the base 
burner could easily be set in the woodshed 
for the summer. As an all-year article of 
furniture the ceramic space heater can cer- 
tainly have the advantage on looks. 

As many of the parts of the eeramie stove 
as possible should be manufactured by ex- 
truding the clay through a die in much the 
same way that structural tile and sewer pipe 
are made. Efficient decentralized manufac- 
ture and low weight are needed to keep down 
the cost and the shipping charges. The 
minimum weight so far attained is 500 to 
600 pounds, but if cellular clay and the 
asbestos board called ^‘transite’’ can be used 
for some parts, the weight may be reduced. 

Scientific design is only part of the devel- 
opment, If the ceramic stove is to stand a 
chance of success, it must look well. Artists 
have made the designs for the prototype 
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models that have been built. One is a simple 
round stove. The other, whose assembly of 
fire tubes bears some resemblance to the 
columns of the Jefferson Memorial in Wash- 
ington, is called the Jeffersonian. If desired, 
the stoves may have cooking tops and ovens. 

Another set of experiments in progress is 
pointed toward changing the Agamatic cook- 
ing range from east iron to ceramic material. 
The Aga range is an expensive article de- 
signed to burn anthracite. The easting is 
heavj^ metal and the lids are about inches 
thick. Fuel feeds automatically from the 
magazine, and the stove is kept ready for 
use at any time. The insulation is said to 
be so efficient that the range is relatively 
economical. The pans and percolators are 
made to fit closely to the top, and the heat 
capacity of the lids is so great that the coffee 
percolator, for example, will begin to perk 
in a minute after being placed on the stove. 

Preliminary tests at the National Bureau 
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of Standards with an Aga range whose 'in- 
nards’’ are fire clay indicate about the same 
performance as with the standard cast-iron 
magazine and firebox. Experiments are con- 
tinuing in an attempt to substitute ceramic 


material for the metal lids, whose thickness 
makes them a large reservoir of heat. The 
complete change from cast iron to ceramic 
products would save about 1,100 pounds of 
metal for each range manufactured. 




DEATH IN LIFE 

By ORVILLE T. BAILEY 


To however great an extent growth may 
blend with senescence, yet growth itself is a 
building up, an advance toward the pattern 
of the intact adult organism. It might ap- 
pear to follow from this that each of the 
component parts of grovih are in themselves 
progressive. When the series is analyzed, 
however, it soon appears that some of the 
processes, considered alone, are not so ; among 
them are sequences which involve the death 
of some or all of the cells concerned. Death 
enters here and there into growth as gold 
thread is woven through a tapestry to accent 
the pattern. Here death becomes indispens- 
able to life; without death of this kind, the 
process of normal growth as we know it 
would be impossible. In some instances, the 
sequences are similar to those involved in 
repair of injury due to external causes, but 
here they are directed toward the attainment 
of a noz’mal pattern. Others are of a differ- 
ent character from those in reaction to in- 
jury. 

How does it come about that death and 
life, so often regarded as antitheses, are here 
operating together in order that an objective 
may be attained! There are many ways in 
which the two are interdependent ; we choose 
three general classes for study and compari- 
son. In one of these groups, certain sub- 
stances essential for the body as a whole are 
produced by the death of cells and trans- 
formation of the dead material into the sub- 
stance required. In the second group, cells 
are produced by a series of differentiations. 
These cells are so specialized that they no 
longer divide. After a time they die; re- 
placement is possible only by repetition of 
the series of differentiations. In the third 
group, a defect is created by the death of 
particular cells; this is followed by repair 
of the defect in such manner as to lead to the 
creation of the normal tissue pattern. 

Skin 

The first of these three arbitrary groups, 
that in which essential materials are built up 
by death of cells, is illustrated especially well 


in the production of the protective outer 
layer of the skin and in the formation of 
nails and hair. Figure 1 shows the normal 
pattern of the human skin. While there are 
certain minor differences in its structure in 
different regions of the body, the fundamen- 
tal tissue plan is the same everywhere. The 
pattern is composed of cells which carry out 
the function of the skin important to the 
body as a whole and of cells which support 
and maintain the cells of the first group. 
The inner portion of the skin (at the bottom 
of Fig. 1) is composed of connective tissue 
cells, fibers produced bj- them, and blood ves- 
sels. This is a portion of the tissue pattern 
which is concerned with support and nutri- 
tion of the cells which form the outer layers. 
The layer is sharply separated from the 
layer of covering cells. Growth is confined 
to that region in which the two layers come 
into contact. The ceils nearer the surface 
die ; they are not in contact with a tissue to 
furnish support and nutrition. They die, 
however, in a special way, or, rather, in the 
process of dying they are transformed into 
keratin, a firm, horny substance which forms 
the outer layer of the skin. This material 
keeps the tissue fluids in and foreign mate- 
rials out. There are very few bacteria which 
can enter the skin so long as the keratin 
layer is unbroken. Keratin, which is built 
from the dead bodies of cells, is essential for 
the maintenance of the body as a whole. It 
is, therefore, an instance of the participation 
of death in life. 

If this is the case, then there must be more 
than one way in which cells die. All cells 
die when life of the organism as a whole 
ceases; most ceils die at intervals in the life 
of the individual and are replaced by others 
of their kind ; only the cells of the skin are 
changed into keratin. The full explanation 
of this peculiar method of cell death is by 
no means known but the successive steps by 
which it is accomplished have been observed. 
All the new cells are formed in the inner 
portion of the epidermis since the cells 
farther out no longer have the capacity for 
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FIG. 1. APPEARANCE OF NORMAL SKIN 

AS CELLS AEE FORMED NEAR THE LAYER OF CONNEC- 
TIVE TISSUE, BOTTOM, THEY PUSH UPWARD THE OLDER 
CELLS WHICH ARE TRANSFORMED INTO KERATIN, TOP. 

division. As the process of cell division con- 
tinues, the older cells are pushed outward, 
farther and farther from the supporting cells 
beneath. This is accompanied by the death 
of the cells and their transformation into 
keratin, a transformation which is complete 
before the surface of the skin is reached. 
The process is first detectable in cells just 
above the growing region. In the cytoplasm, 
irregular, dark staining granules of keratin 
make their appearance. Gradually, as the 
cell is pushed upward, the droplets enlarge, 
and at the same time the nucleus becomes 
more and more pale. Finally, the nucleus is 
lost altogether and the cell is dead. Mean- 
while, the granules of keratin have come to 
occupy the whole cell and have been united 
into a single mass. The outer layers of all 
skin are made up of cells thus transformed 
into fiat sheets of keratin, which are the 
ghc^ts of cells once living. When one of 
these sheets is placed in a solution of a strong 
alkali, such as sodium hydroxide, the mate- 
rial separate into parl^, each of which has 
&e outline of the cell from which it came. 

It goes witi^out paying that bits of the 
rub off from time to time and 


must be replaced. Keratin can be produced 
only in this way and the cells necessary for 
the process can be provided only by the 
actively growing inner layer. The sequences 
must therefore be repeated again and again 
— cell division, development of granules, and 
finally, transformation of the whole cell into 
keratin. 

One of the strangest aspects of this situa- 
tion is the relation of the amount of keratin 
produced with the requirements for it. 
When much is lost, much is produced. When 
little is rubbed off, then just that much is 
formed. In certain places and under special 
circumstances, the wudth of the keratin layer 
is increased. If some special region of the 
body is subjected to long continued rubbing 
and irritation as, for instance, in a region 
irritated by an orthopedic brace, there is an 
increase in the amount of keratin on the skin 
below; this returns to normal when the 
source of irritation has been removed. On 
the palms and soles, there is a much wider 
layer of keratin than elsewhere on the body 
surface. These regions are the ones most sub- 
ject to the endless little injuries which are a 
part of our daily experience. Yet that is not 
the whole story, because the keratin layer on 
the palms and soles, even before birth, is 
thicker than that of the skin elsewhere. The 
production of keratin depends upon cellular 
death. If growth is to be regarded as the 
attainment and maintenance of a series of 
patterns, then death is here a necessary part 
of growth. 

Keratin is produced over the entire body 
surface. In addition, the skin cells become 
slightly altered in certain regions and sub- 
stances related to keratin are produced. 
They differ from it, however, in distribution 
and in composition in such ways as to serve 
different functions. This gives an oppor- 
tunity to judge in what degree the process 
of cell death is specialized and how certain 
apparently minor changes may affect the end 
results. 

Nails 

The nails (the process being the same on 
the fingers and toes) are formed by a par- 
ticular group of cells of the epidermis. The 
layer of cells which covers the skin and which 
gives rise to the keratin coating by means of 
a process of death in life, is directly con- 
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tinnous with the cells at the base of the nail 
and these with the cells beneath the nail bed. 
At the tip of the finger the cells beneath the 
nail again are continuous with skin which is 
identical with that covering the rest of the 
body. The keratin layer blends with the nail 
at its base. From these relationships it is 
clear that both materials are formed by the 
same layer of cells, the region of the nail bed 
only being a somew^hat specialized and there- 
fore slightly altered portion. The way in 
which the keratin layer of the skin and the 
nails are related would suggest also that the 
two substances are of similar character, a 
supposition borne out by chemical analysis 
and by examination at higher magnification. 

The nail substance is formed at the base 
of the nail. There is at this point a plate of 
cells somewhat thicker than that of the 
nearby skin. Here the cells of the deeper 
layers have the details of structure usually 
seen in living, growing cells (Fig. 2). The 
presence of frequent mitoses confirms the 
activity in growth of the cells in this region. 
The deeper cells continue to divide and the 
older ones are pushed away from the layer 
of supporting tissue toward the region which 
is to be the nail itself. As the cells are 
pushed outward, closely packed fibers make 
their appearance. The fibers consist of a 
chemical substance peculiar to the nails. 
They are at once the counterpart of the drop- 
lets which make their appearance in the early 
stages of keratin transformation of these cells 
and the visible expression of the variations 
which lead to the differences between nail 
and keratin layer. The nail can be separated 
into plates by the action of strong alkalis, 
just as is the case with keratin. Each of the 
plates is derived from one cell whose shape it 
retains. 

As has been pointed out, the nail substance 
grows from a special region at its base and 
it slides over the layer of cells beneath as the 
nail extends toward the finger tip. They 
probably do not contribute in any way to the 
development of the nail, although some inves- 
tigators believe that the later thickening of 
the nail is due to these cells. Anyone who 
has ‘^lost’^ a nail as a result of an accident 
is well aware that replacement must come 
from the base. 

The growth of the nail is a continuous 


process of death in life. Cells at the base 
are produced by mitotic division of other 
cells; these cells are transformed into nail 
substance; other cells are formed and the 
process is repeated, with the result that the 
nail is steadily pushed forward. By this 
means, the nail reaches the end of the finger, 
beyond which it finally extends until cut or 
worn off. The sequence begins before birth 
and continues throughout the life of the in- 
dividual. This is only one of many forms of 
growth which are necessary for maintenance 
as well as for development of the organism. 

Haie 

The nails, as has been pointed out, are the 
results of a process similar to that by which 
the outer layer of the skin is built up but 
characterized by certain small variations 
from it. The difference in structure of the 
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nail and skin covering is the result of these 
variations in distribution of the active cells 
and in the manner of cell death. The layer 
of the epidermis in which cell division takes 
place forms other structures by variations of 
much the same degree, though qualitatively 
different. 

The minute structure of hairs differs in 
very few particulars, whether one is removed 
from the scalp, face, or elsewhere on the 
body. Each hair develops from a pouch of 
cells which is directly continuous with the 
epidermis and is a specialized infolding of 
this layer, the hair follicle. Cells continuous 
with actively growing portions of the epi- 
dermis line the sides of the follicle and cover 
a nest of connective tissue at the base (Fig. 
3). The cells at the sides of the follicle pro- 
duce a series of sheaths for the hair; those 
covering the mat at the bottom are the ones 
which give rise to the hair proper. These 
latter cells grow rapidly, as shown by the 
presence of numerous mitoses. The multi- 
plication of these cells results in pushing 
older cells upward, farther and farther from 
the connective tissue. This is a situation 
strikingly similar to that in which the nails 
and outer layer of skin are produced. In 
the cells which have been pushed upward, 
the nuclei begin to shrink. At first they 
stain darker than usual and fail to display 
the normal nuclear detail, a sign of cellular 
deterioration. Later the nucleus can be 
made out only as a pale oval area or not at 
all; the cells then are dead. At the same 
time, the cells undergo a transformation 
somewhat similar to that in the two other 
tissues considered. G-ranular material can 
be made out in the stages of this process only 
in thick hairs, such as those of the eyebrows 
and beard. The granular material seen in 
these hairs differs chemically from that 
formed in the skin and nails, as determined 
by its reaction with several types of dyes. 
The cells shrink apart in some places and 
air fills the gaps among them. It is to these 
minute bubble that the glint of the hair is 
due. Before the hair reaches the surface of 
the ^in, all of its parte are dead. Yet so 
Icmg as the hair remains, the traces of its 
eeDular origin can be easily shown* When it 
is placed in c^m^trated sulphuric acid, the 
hair breafe up portions, each of whidh 


is a shrunken, flattened, dead cell, and clearly 
recognizable as such. The mature hair is 
only growing at its base in the follicle For 
this reason, hair cannot be produced if the 
follicle IS destroyed. 

It is important to bear in mind that the 
processes just described are quite different 
from those involved in the formation of in- 
tercellular fibers. The most recent evidence 
in regard to the formation of intercellular 
fibers in connective tissue indicates that the 
cells of this tissue secrete a dead colloidal 
material into space between them. Then, as 
a result of factors not yet understood, these 
materials jell in much the same way that 
gelatin does. Since examination of the col- 
lagen molecule, of which these fibers are com- 
posed, shows it to be shaped like a rod much 
longer than it is wide, the result of joining 
myriads of these molecules together is a 
thread-like structure. The factors concerned 
then are physico-chemical and mechanical. 
The cells concerned do not die. They pro- 
duce intercellular material without contrib- 
uting anything to it which was once alive 
(even though it was once within the cell). 
Each individual cell retains the capacity for 
reproduction. Keplacement, therefore, does 
not come from a special layer of cells to 
which the power of multiplication is re- 
stricted. In contrast, further growth of hair, 
nails, and skin covering can he carried on 
only from a layer at the base which is in con- 
tact with tissue specialized for its support 
and nutrition. 

This is the first type of death in life to be 
discussed. Other examples of this type can 
be found readily enough under conditions 
both normal and pathological. One which 
suggests itself at once is the formation of the 
horns of cattle. But this is not the only way 
death serves the purposes of life. 

Blood 

In certain tissues, particular cells divide 
over and over again, each division being ac- 
companied by a greater specialization of 
structure and a lessened capacity for growth. 
The end of such series of transformations 
is a cell well adapted to perform a complex 
function but unable to perpetuate its kind 
and even to sustain itself. Death of these 
cells inevitably occurs; death in life, for 
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Eia. 3. A HDMAlSr HAIR 

WITH ABJACENT CELLS. EACH HAIB IS PEODUCED 
THROUGH A CONTINUOUS PROCESS OF CELL DEATH. 


other cells are ready to take their place so 
long as health contimies. This replacement 
accordingly must he from the actiyely grow- 
ing cells in which the series of differentiation 
has not yet begun or is at most only partially 
completed. The series of differentiations 
must be repeated over and over again from 
the beginning of life to old age. 

An example of this type of death in life 
is afforded by the cells of the circulating 
blood. The steps in the case of different 
types of blood cells are different in many re- 


spects but the general sequences are the 
same. For this reason, the present discus- 
sion will be confined to the red blood cells. 
In the bone marrow, where the red blood 
cells are formed, there are large cells which 
appear relatively little differentiated by the 
criteria msually applied to determine this 
point. They have no recognizable special- 
ized structures in nucleus or cytoplasm, and 
their great capacity for growth is shown by 
the numerous mitotic figures. 

As these cells divide, one notes that the 
daughter cells are sometimes identical with 
the parent. Others, however, are not quite 
like the cell from which they took origin — ^in 
other words, some degree of differentiation 
has occurred. Furthermore, w^hen differen- 
tiation makes its appearance, the variations 
are not all in the same direction; that is, 
there are differentiations in several direc- 
tions. The proximate causes of these sepa- 
rate variations are almost entirely unknown. 
We can describe them but we cannot predict 
them or alter the direction under experi- 
mental conditions without altering the re- 
maining bone marrow. Various types of 
blood cells result, depending upon the direc- 
tion of differentiation at this point. 

One of these groups develops into red blood 
cells. The daughter cells are smaller and 
more regularly rounded than their parent. 
These cells go through the process of mitotic 
division several times. Each time the nu- 
cleus becomes more and more compact. At 
the same time, a yellowish material appears 
in the cytoplasm, which is the hemoglobin, 
the carriers of which the adult cells of this 
series are destined to be. Hemoglobin ap- 
pears red only in large masses (as in the 
blood) ; examination of tiny particles estab- 
lishes its yellow color. As the processes of 
cell division and differentiation go on, the 
nuclear material becomes condensed into a 
dense mass. When the cells reach this stage, 
division still continues and little differentia- 
tion appears which can be detected with the 
microscope. There must be some process of 
this kind going on, however, because after 
several such divisions, the capacity for mito- 
sis is lost. Then a curious step occurs which 
is hardly to be matched in the maturation of 
any other cell in the body. The nucleus is 
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expelled through the outer membrane of the 
cell. This stage is regarded as the adult red 
blood cell and is the form which enters the 
blood stream. 

In this series, we do not know where life 
ends and death begins. Death enters the pic- 
ture somewhere along the line of this series 
of transformations. You can put the transi- 
tion from life to death anywhere you like. 
This is one of the places where the ordinary 
definitions of life and death are insufficient. 
It is in investigating just such situations as 
this — situations in which accepted definitions 
and theories must be strained if they are to 
fit at all — ^that new discoveries are to be 
expected. 

If the mature red blood cells, living things 
or lifeless mass, are not able to progress, they 
must disintegrate. Nothing which in nature 
is living can remain static for long. Some of 
them are taken up by certain cells of the 
spleen. The red blood cells at this time are 
dead, for it has already been mentioned that 
no cell engulfs another cell which is a part of 
the same organism unless the cell engulfed is 
dead. Many red blood cells also disintegrate 
while still in the circulating blood and the 
fragments are removed by cells which pick 
such materials from the blood stream as a 
street cleaner does refuse from the street. 

In spite of all the various stages which 
must be passed before the adult red blood 
cell makes its appearance in the circulating 
blood, and the various methods by which the 
cell may be removed, the number of red blood 
cells remains almost the same so long as a 
person is in normal health. External cir- 
cumstances make some difEerenee, for the 
number of red blood cells in the blood of a 
man who has spent his life on a high moun- 
tain is a little greater than that of a man who 
lives at the seashore. Yet let the man who 
ha^ lived at the seashore go to live on a moun- 
tain and he will, after a time, have an in- 
crease in the number of red blood cells in 
each unit of blood. This is related to the 
decreased amount of oxygen in the air at 
high altitudes. Once this change is estab- 
li^esd, the new level is maintained so long 
as the external conditions are not again 

, Even Utere is a tr^endous loss of 
^ m m sh®Fl time;- as in hmnor- 
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rhage, the level of red blood cells returns to 
normal very quickly. If a man gives a trans- 
fusion of blood, his red cell count is normal 
in less than a week. Yet, when diseases of 
many types make their appearance or the loss 
of blood occurs so often that the mechanism 
for new blood formation breaks down, then 
the level is changed, usually to a level lower 
than normal. So it comes about that the red 
blood cell count is of great value in deter- 
mining the presence and progress of many 
illnesses. 

How is it, then, that such a level is main- 
tained ? In the bone marrow, there are ma- 
ture red blood cells and their ancestors in 
one stage of differentiation or another. The 
bone marrow of a normal individual shows 
all these stages at any given time. When the 
primitive cells divide so as to give rise to 
more differentiated offspring, not all the cells 
proceed at once to further differentiation. 
Some remain in a resting state at various 
points along the way. When a sudden need 
appears, many more red blood cells can be 
produced without the lapse of time which 
would be required if the whole senes of dif- 
ferentiations had to take place from the be- 
ginning. This is one thing which makes the 
response so rapid. 

But what gives the signal for the increased 
production of these cells? When the blood 
contains less oxygen and more waste mate- 
rial than usual, more red blood cells appear 
in the circulating blood. This is the case 
with the man going from seashore to the high 
mountains ; it also happens in certain forms 
of heart disease. This would fall into the 
class of chemical stimulants to tissues. When 
the whole story is told (if it ever is) such 
chemical stimulants will play a large part. 

These facts at once suggest that there are 
several points at which disease may interrupt 
the normal sequences. The bone marrow 
may not be able to form more cells ; the cells 
may be destroyed too fast either in the spleen 
or in the circulating blood; or they may be 
themselves defective. The red blood cell is 
the product of a process of death in life. 
This physiological death must occur in just 
the right manner and at the right time for 
health to continue. 

It should be pointed out that the situation 
in the red blood cell is quite different from 
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FIG. 4. A NORMAL GROWING BONE 

GROWTH OCCURS IN A SPECIAL REGION NEAR BOTTOM OP PIG. ABOVE IS COMPLETED PATTERN OP NORMAL BONE. 


that of the adult nerve cell. The nerve cell 
is also at the end of a series of growth proc- 
esses and, in its mature state, it cannot re- 
produce its kind. The difference lies in the 
fact that the nerve cells survive throughout 
life. When they die they are not replaced 
and the functions which were theirs are lost 
irretrievably. The capacity for growth is in 
inverse ratio to the degree of specialization. 
In both the nerve cell and the red blood cell, 
specialization has been carried to an extreme 
degree. There is no mechanism for the re- 
placement of the nerve cell, which remains 
living but not growing all through life. A 
very complete and delicately adjusted mech- 
anism exists for the replacement of the red 
blood cell, which is already dying or dead 
when it begins to function. 

Bone 

The sequences of growth discussed up to 
this point have illustrated two of the ways 


in which the death of certain cells are a part 
of the growth and maintenance of the nor- 
mal individual. 

We turn now to consider a third way 
in which death enters indispensably into 
growth. In this ease, death comes to a par- 
ticular group of cells; a defect is created, 
the repair of which leads to the formation of 
the normal tissue pattern of the organ. 

This curious process is best exemplified in 
the formation of certain bones, especially the 
ribs and those of the arms and legs. These 
bones grow in length only at certain par- 
ticular regions which are found exclusively 
at those points where bone and cartilage 
join. The softer, gristly cartilage, uniform 
to the unaided eye, is transformed bit by bit 
into the harder bone, the marrow species of 
which are easily seen without the aid of the 
microscope. 

Figure 4 indicates the appearance of grow- 
ing bone as seen microscopically. The bone 
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is divided into bands between wbicb are the 
marrow cells. There is a thin line of carti- 
lage at the top of the illustration. Here are 
two different tissue patterns, then, and our 
concern is the manner in which one (carti- 
lage) is transformed into the other (bone). 
Between the two, there is a zone in which this 
transition is brought about by means of a 
series of steps which must be carried out in 
a definite order if normal bone is to be 
formed. 

The first of these transformations is in the 
cartilage cells. They divide in such manner 
as to produce straight columns of close- 
packed cells, like the rows of soldiers in 
eighteenth century military formations. So 
far we are dealing with a progressive growth 
process, for it is one in which new cells are 
being formed from a smaller number of older 
cells. But at this point a form of cellular 
death intervenes. The nucleus of each cell 
shrinks, the cytoplasm breaks up and the cell 
is dead. This does not indicate that growth 
has ceased or has become in any way ab- 
normal. On the contrary it is an essential 
step in the creation of the pattern of normal 
bone. Meanwhile, other cartilage cells are 
formed, and the process is repeated over and 
over. It is as though the soldiers at the end 
of the column were constantly being shot and 
replacements were taking their place at the 
rear at exactly the same rate. The loss of the 
soldiers at the front would leave a vacant 
place unless the column moved forward or 
the enemy moved in and filled the space. In 
bone formation this gap is filled by the op- 
posing forces, which then bring about a new 
order which is the tissue pattern of bone. 

The repair of the defect follows the same 
sequences as those involved in the repair of 
any injury. Capillary blood vessels grow 
into the place left vacant by the death of the 
cartilage cells. The capillaries have as their 
close companions cells similar to those of con- 
nective tissue. As a result of this growth 
process, the two groups of cells are brought 
into contact with the intercellular material 
of cartilage. This latter substance has re- 
ceived, meanwhde, a certain amount of cal- 
cium. The actual conditions which lead to 
the deposit of calcium here are obscure as 
yet 

A word be added concerning the 


cells which accompany the blood vessels and 
which come to lie against the calcified mate- 
rial. These cells are very closely related to 
the ones in connective tissue which form such 
things as collagen fibers. What determines 
the type of intercellular material to be laid 
down? One of the determining factors is 
the kind of material with which the cell is in 
contact. It is known that calcium is some- 
times deposited in diseased areas for reasons 
largely unknown as yet. Cells which nor- 
mally form collagen may produce bone from 
these abnormal calcium deposits. Bone is 
then formed far from any normal bone or 
source of special bone forming tissue. But 
contact alone is not enough for oftentimes 
the two are in contact, yet no bone is formed. 
There must be other factors, either in the 
cell or in the celFs environment, or both. 

The development of the pattern of bone, 
then, depends upon the creation of a defect 
ever repaired and ever advancing. When 
the gap is finally closed, the bone grows no 
more, as is the case when the bone is fully 
developed. If it were not so, we would all 
be giants There is this paradox that when 
death (of a sort) ceases, then growth (of a 
sort) ceases. 

Consider the intricate relationships of all 
these processes, some known, many more 
hardly guessed at. If one fails, then the pat- 
tern of bone cannot be attained, whatever 
happens to the others — ^whether they stop or 
whether they go on. It is extremely difficult 
to unravel the contribution of each one. 
What starts it going? What regulates its 
rate? What happens to other growth proc- 
esses when it alone is stopped? Methods for 
studies designed to answer these questions 
are not easy to find in most instances. Cu- 
riously enough, we have at hand a method 
for studying what happens when only the 
process of death of the cartilage cells is 
stopped. This is provided by study of vita- 
min D deficiency which leads to rickets. In 
this condition, the cartilage cells multiply, 
but do not die. There is no defect ; there is 
no repair, and consequently, there is no new 
bone. The evidence obtained from the study 
of vitamin D deficiency (rickets) besides 
giving an indication of the way in which the 
vitamin is used, offers strong confirmation 
for this interpretation of bone growth, and, 
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FIG. 5. EEGION OF ACTIVE BONE GEOWTH 

CELLS DEGENERATE AND ARE REPAIRED BETWEEN THE CARTILAGE, RIGHT, AND THE DEVELOPED BONE, LEFT. 


incidentally, for the importance of this third 
method by which death participates in at- 
tainment of a normal tissue pattern. 

In rickets, the specific effect is the suppres- 
sion of the degeneration and death of the 
cells in the cartilage columns. One sees in 
Figure 6 that the cartilage cells are continu- 
ously produced ; they differentiate and reach 
maturity. There the sequences stop. Since 
the production of new cells is not inter- 
rupted, great masses of cells accumulate in 
distorted columns. The capillaries also ap- 
pear not to be primarily affected by rickets. 
Yet as the result of the failure of one specific 
group of cells to degenerate — ^because of the 
suppression of one of the forms of death in 
life — ^bone growth ceases. It is curious to 
think that some one substance should preside 
over a process of degeneration and death 
which is essential for the attainment of a 
particular normal tissue pattern. 

When vitamin D is restored to the diet or 


one of its substitutes made available, repair 
begins almost immediately and progresses 
very rapidly. The first evidence of repair is 
the degeneration of the cartilage cells at the 
margin nearest the bone. Capillaries at once 
enter the defect. Bone formation then pro- 
ceeds through the usual sequences and the 
normal pattern involves laying down of cal- 
cium at the sides of the degenerating carti- 
lage cells; this is resumed also as the capil- 
laries begin to penetrate the defect. Within 
a few days, however, all traces of the changes 
due to rickets have disappeared. 

The Permanence of Living Systems 
What is death, anyhow! To this, we shall 
never know the answer until we know 
wherein lies the difference between the inert 
products of the test tube and the living cell. 
And then there is another question — ^why is 
death a biological necessity f With this ques- 
tion, there can be some start toward an 
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answer; a start taken with the full realiza- 
tion that it is only a crude beginning in the 
search for a complete answer. 

At the time when life began on this planet, 
there must have been something which corre- 
sponds to our notion of a cell. We do not 
wish to imply that this hypothetical first 
living system had an organization, a struc- 
ture, corresponding in many respects with 
cells as we know them today. There is noth- 
ing more certain than that biological struc- 
tures change with time ; it is far less certain 
to what extent and in what direction this 
goes on. The point which is relevant here is 
that it is probable that at sometime in the 
earth’s history, a living system developed — 
how or why there is no way of telling. 

It is possible to determine something in 
regard to the permanence of a living system 
by the study of the growth of cells in the lab- 
oratory. The cell is the unit of life as it is 
the unit of growth. It has within itself the 
capacity to perform all the functions which 
are regarded as the peculiar property of liv- 
ing things. Can cells under favorable con- 
ditions continue to grow indefinitely, or does 
the pattern of the cell finally break up ? The 
classical researches on this problem are those 
of Carrel. He began the problem as soon as 
a method was available for cultivating and 
maintaining cells outside the body. This 
method of tissue culture provides a means by 
which fragments removed from any organ 
may be grown in an appropriate nutrient 
medium. The cells multiply ; as the amount 
of tissue enlarges, portions can be removed 
and recultured in the same manner. 

It occurred to Carrel that the permanence 
of the living system could be studied by this 
technique. Accordingly, on January 17, 
1912, he removed a piece of heart from a 
chick embryo. At first, the fragment of 
heart tissue continued to beat in the tissue 
culture, an observation which indicated that 
some of the heart muscle fibers were growing. 
iGeroscopic examination, however, showed 
from the beginning that there were many 
wnnective ti^ue cells among the muscle 
fibers. Gradually the connective tissue cells 
overgrew the more slowly advancing and 
more specialized muscle cells as weeds over- 
tJm flowers in a n^lected garden, 
a culture of connective 


tissue cells was obtained in this way. From 
that time to this, subcultures have been taken 
from the culture of connective tissue cells 
and maintained in a nutrient medium. 
There has been no change in the power of 
growth of the cells in the culture of connec- 
tive tissue cells and maintained in a nutrient 
medium. There has been no change in the 
power of growth of the cells in the culture 
and no detectable change in their appearance 
or in their reactions to alterations in the me- 
dium in which they are grown. The rate of 
growth may be even a little greater than 
when the cells were first isolated. A letter 
from Dr. Carrel ’s secretary written May 14, 
1940, states that the growth of the culture is 
as active as ever. 

One obtains an appalling result when he 
considers the total volume of tissue which 
would have been produced in those 28 years 
if all the cultures had been saved and used 
for further cultures. The fragments of tis- 
sue under the conditions of the experiment 
usually double in 48 hours. If none of the 
tissue had been discarded, the total produced 
during the 28 years would have filled the 
whole known universe over and over again so 
many times that the significance of the fig- 
ures mean little to human minds accus- 
tomed to the measure of things about them. 
There is no more convincing proof that con- 
nective tissue cells have the capacity to re- 
produce themselves indefinitely unless the 
environment external to the cell becomes in 
some way unfavorable. The vital structure 
of living cells, therefore, is in a sense immor- 
tal, for the generation of these cells is far 
greater than all the generations of man since 
the beginning of history. Death is not inher- 
ent in the organization which is called life; 
once this is established it continues until ex- 
ternal circumstances become such that the 
conditions required to maintain the organi- 
zation are no longer met. 

Indeed, a moment’s consideration will 
show that in nature there are conditions 
which offer evidence of the immortality of 
protoplasm even more striking than that of 
Dr. Carrel. The first of these is the fact that 
all forint of life are continuous. Once life 
appeared, however, it tad the capacity to 
perpetuate itself. It is true that parents die 
and offspring grow. But this is not a discon- 




TIG. 6. TISSUE PATTERN IN RICKETS 

SHOWING A UNE OF BONE FORMATION AND THE INCBEASE IN THE NUMBER OP CARTILAGE CELLS IN A EATB^ 
FEEING FROM ACTIVE RICKETS. THIS DISEASE PREVENTS THE DEGENERATION OP CARTILAGE 

ACCUMULATE IN LONG IRREGULAR COLUMNS. AS A RESULT NORMAL BONE GROWTH CEASES. 
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tinuity, for the young arise from living cells 
of their parents. When investigation is car- 
ried to the cellular level, therefore, the ap- 
parent interruption of the chain of life dis- 
appears. All comes from life which existed 
before. 

There is a third line of evidence which 
indicates the immortality of the isolated 
living cell in surroundings favorable to its 
maintenance and development. This lies in 
the growth of bacteria which are organisms 
consisting of a single cell. They grow in the 
laboratory on artificial media at various 
rates, depending upon the species and the 
laboratory conditions. As m the ease of the 
cells in Dr. Carrel’s tissue culture, each bac- 
terium gives rise to two or more offspring, 
which are able to repeat the process. Here, 
again, calculation shows that if each of the 
bacteria of a given species were placed in a 
favorable environment that species would 
soon occupy the whole world. Life ceases 
only when the environment no longer is of 
such nature as to supply it with the sub- 
stances it needs and to remove the wastes 
produced in its growth. Now we see, not a 
part of an organism, but a whole creature 
which is not subject to death as we know it. 
As Child has remarked in Senescence and 
Rejuvenescence: 

Sooner or later and in one way or another, the or- 
ganism gives rise to one or more new organisms, which 
like their parents are at first relatively small and 
simple, and like it also undergo a process of growth 
and differentiation. This is reproduction. In some 
of the simpler forms of reproduction the parent or- 
ganism divides into two or more parts which consti- 
tute the new generation, and there is nothing which 
corresponds to death in the usual sense. The old in- 
dividuality is replaced by new individualities, but 
nothing is left behind. In such eases there is, as 
Weismann has aptly put it, no death because there 
is no corpse. 

There is a place in the scale of living things 
at which there is no death. There must be, 
then, a place where death first appears. 
There must be an evolution of death. 

How it is that death creeps in? In the 
simplest form of life the whole organism con- 


sists of a single cell, its walls everywhere 
facing the external world. It can maintain 
itself so long as the requisite substances are 
to be found in its surroundings. When or- 
ganisms become more complex, they are com- 
posed of many cells, some cells nearer, some 
farther from the source of materials re- 
quired. As specialization continues, the re- 
quirements become more exacting; the ca- 
pacity to adjust the organisms to extreme 
conditions, less. Here, then, is a far less 
stable system, which carries within itself the 
seeds of its own destruction. Only those por- 
tions go on which have become specialized 
for the purpose of reproduction. Then in 
still more complex animals, there appears 
another form of death — death which affects 
only special parts and does so in such a way 
as to build up the normal pattern of the or- 
ganism — a process of death in life. 

When one speaks of the death of a man (or 
of higher animals) he usually refers to a phe- 
nomenon which is a concern of the whole. 
Certainly, definite proof of survival of cells 
in many organs may be obtained for hours 
after life of the individual as a whole has 
ceased. For instance, direct stimulation of 
heart muscle elicits a response for a time 
after death has occurred and rhythmic beats 
of the heart have ceased. Death, then, does 
not overtake each part of the body at once 
when the life of man ends. 

Death is the inevitable result of the high 
degree of specialization of man. Man pays 
the price of death in order to know and to 
control his environment. As Child says : 

For bis high degree of individuation man pays tbe 
penalty of individual death, and the conditions and 
processes in the human organism which lead to death 
in the end are the conditions and processes which 
make man what he is 

Without those characteristics for which 
man pays with death, he would still be as the 
bacteria. Without death of parts during 
life, the pattern of many of his tissues could 
not he created. The evolution of death finds 
its culmination in the life of man. 



TROY TOWN ON THE HOPI MESAS 

By HAROLD S. COLTON 


Twenty-five years ago the writer called 
attention to the similarity between a draw- 
ing incised on the adobe w^ails of a Casa 
Grande Ruin in southern Arizona (Pig. 1) 
and a labyrinth design on certain coins from 
Crete of the Greek Period (450-300 bc.).^ 
Recently he noted that A. M. Stephen re- 
ported the same symbol from a rock on the 
terrace below the Hopi pueblo of Shipaulovi- 



PIG. 1. CASA GEANDE LABYRINTH 


A EECONSTKUCTION TRACED FROM A PHOTOGRAPH. 

in 1893 (Fig. 2). A visit to this rock again 
focused his attention on the problem as to 
the significance of this design in the south- 
western United States. 

Troy Town 

The design in question, a unieursal laby- 
rinth, has long been knovui in England as 
^^Troy Towm/’ or sometimes as the “Walls 
of Troy,” and much has been written about 
it. It seems to have been associated with 
medieval parish churches in England in the 

1 Colton, Harold S., ' ‘ Is tlie House of TcuUu the 
Minoau Labyrinth ? Scteneej Vol. 45, No. 1174, 
June 29, 1917. 

2 Parsons, E. 0., ^ ^ Hopi Journal of Alexander M. 
Stephen, Yol. 2, New York, 1936, Fig. 516. (In 
reconstructing the damaged portions of the petro- 
glyph, Stephen made certain errors that can be recog- 
nized on comparison with the original drawing. This 
is also true of Fewkes's figure, American Anthropol- 
ogist^ n.s. Yol. 9, 1907, Fig. 35.) 


form of a turf maze, of which a few were in 
existence as late as 1922.® Not only is it well 
known in England, but it is also found all 
over northern Europe, from Finland to Nor- 
way and Denmark, and even to Iceland, As 
mentioned above, it occurs on Cretan coins 
(Pig. 3) of the Greek Period (450-300 B.c.), 
as a glyph scratched on a wall at Pompeii 
(Pig. 4), and on an early Etruscan wine 



FIG. 2. SHIPAIJLOYI LABY'EINTH 

A RECONSTRUCTION TRACED PROM A PHOTOGRAPH. 


pitcher (Pig. 5). In a modified form, it has 
been found on late Roman mosaic floors and 
medieval cathedrals in France and Italy. 
It is, therefore, a design widely spread in 
Europe. 

In America the design has a much more 
restricted distribution. In the Southwest 
it appears as a glyph at Casa Grande Ruin 
in the Gila Valley of southern Arizona, as a 
petroglyph on a rock on the terrace of the 
west side of the Hopi Indian pueblo of 
Shipaulovi in northern Arizona, and is not 
an uncommon motive on Pima Indian baskets 
and plaques (Pig. 6). In the eolleetion of 
the Museum of Northern Arizona is a Navajo 
saddle-blanket with this design (Pig. 7). 
Not only is the design known in the South- 
west, but it is also found far away in the 

3 Matthews, W. H., Mascs and Labprmths^ Lioudou, 
1922. 
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British Museum 
PIG. 3. CEETAN COIN 
DA.TING FEOM THE GREEK PERIOD, 400-350 B.C. 

mountains of T-ennessee, among* tlie people 
who are of English descent. 

Construction 

After the author’s earlier paper was pub- 
lished, he received a letter from J. B. Norton, 
of the United States Department of Agricul- 
ture in Washington, D. C., who had been 
brought up ill the mountains of Tennessee. 
Mr. Norton was familiar with the design, 
having in his youth played a game called the 
“Walls of Troy.” By means of Figure 8 
he shows step by step from A to K how the 
design of the ordinary, or standard, Troy 
Town is laid out and developed. However, 
many variants are common, such as substi- 
tuting angles for curves or adding more 
angles ; also it is possible to change the cross, 
by leaving out or adding arms, but such 
variants are not common in observed his- 


* / 



TmS JCA55& WAS SCRATCHED OK A WALL AT POMPEII. 


torical eases. The Troy Towns on Cretan 
coins (Fig. 3) and at Pompeii (Fig. 4) have 
the entrance at the top, while all the north- 
ern forms that show polarity have the en- 
trance at the bottom, as shown in Figure 9. 

As the Troy Town figure is obviously 
asymmetrical, it does not lend itself to archi- 
tectural treatment; the Eomans, therefore, 
designed a more or less symmetrical type 
adapted for use in mosaic pavements (Fig. 
10). As this variant accented tiie cross, it 
was widely adopted by the architetds of the 
twelfth century cathedrals on the continent 
of Europe, particularly in France. More- 
over, several turf mazes of unknown age in 
England take this Roman form (Fig. 11). 



After Mattheics 
PIG. 5. DECORATION 

THIS APPEARS ON AN EARLY ETRUSCAN WINE PITOTIER. 

Among the various authors wiio have spec- 
ulated on the construction of the standard 
Troy Town, Krause, a German, has shown 
how it might have been derived from North- 
umbrian spiral rock engravings. However, 
no one before Norton, so far as the author 
knows, has given the manner of construction, 
which probably is responsible for the persis- 
tence of the shape of Troj" Town over so 
many centuries. 

Purpose 

Matthews, in his book entitled Mazes and 
LahyrinthSj had investigated the use to which 
the unicursal labyi'inth called “Troy Town” 
was put and comes to no very definite con- 
clusion ; nor do the names by which the laby- 
rinth is known furnish any definite clues. 
Specimens in Somerton and Hillbury in En- 
gland are called “Troy Town.” In Cumb- 
erland and Lincolnshire they are called the 
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Walls of Troy.” A specimen from Wales 
was called ^^Caerdroia/’ Troy Citadel, or 
City; (Fig. 12). Various Norwegian ex- 
amples are called ‘‘Trojm,” ‘'Trojeburgh,” 
‘"Trojenborg,” ‘‘Troborg,” all of wMeh 
might be translated as ^‘Troy Town.” The 
specimen on the Etruscan vase is labeled 
‘‘Truia” (Troy). Thus we have the word 
i^Troy” associated with many of these 
labjT*inths. 

The examples found on Cretan coins and 
the glyph scratched on a wall at Pompeii are 
definitely associated with the Minoan laby- 
rinth, not with Troy. 

In many parts of North Europe, the local 
examples are associated with neither the 
Troy nor the Minoan labyrinth. Some in 
Finland are called '‘The Giant’s Fence,” 
"St. Peter’s Game,” "Ruins of Jerusalem,” 
"City of Ninevah” and "Walls of Jericho,” 
while one in Iceland is known as "AYeyland’s 
House.” In Norway, examples are called 
the "Nun’s Fence,” "Maiden’s Dance,” 
"Round Castle,” and "Troll’s Castle” 
(Fig. 13). 

Nor do the names by which the Roman 
architectural form found as mosaics on the 
floors of continental cathedrals furnish a 
clue. The mosaic labyrinth in Chartres 
Cathedral is eaUed "La Lieue,” with pos- 
sible reference to its being a league long, 
which Matthews states it is not. Other 
French cathedral labyrinths are called 
"Chemin de Jerusalem,” "Daedale” (re- 



FIG. 6. MODEEN PIMA INDIAN PLAQUE 

FROM SOUTHERN ARIZONA, PROM THE COLLEC- 
TION OP THE MUSEUM OP NORTHERN ARIZONA. 



PIG. 7. MODEEN NAVAJO BLANKET 

BELONGING TO THE MUSEUM OP NORTHERN ARIZONA. 


ferring to Daedalus, the legendary architect 
of the Cretan Labyrinth), and "Meandre.” 
In these the center is sometimes called 
"Ceil” (Heaven) or "Jerusalem.” These 
names suggest au ecclesiastical purpose. In 
the center of the labyrinths at the Rheims, 
Chartres, and Amiens Cathedrals there are 
figures supposed to represent the architects 
of the striictiires, but this interpretation 
seems open to discussion. Matthews has 
pointed out that none of these ecclesiastical 
labyrinths carries a Christian emblem, nor 
do these labyrinths appear in the Roman 
catacombs. In England this Roman variant 
similar to those in the French cathedrals ap- 
pears as tnrf mazes where they are known 
by various names, such as "Julian’s 
Bower,” "Shepherd’s Labyrinth,” "Shep- 
herd’s Race,” and "Mizmaze.” 

Although the labyrinth is associated more 
commonly in Europe with either Troy or the 
Minoan Labyrinth, we see that the names 
throw little light on the purposes of Troy 
Town, notwithstanding the fact that much 
has been written about it. However, the 
persistence with which the symbol "Troy 
Town” has shown through the ages, over two 
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Fia 8. SUCCESSION OF DRAWINGS SHOWING HOW TROY TOWN IS CONSTRUCTED 


thousand years of i*eeorded history, must 
have something back of it. 

In the dassieal literature are frequent ref- 
erenees to the ^^Oame of Troy^^; these refer- 
ene^ go back to the ^'Lusus Trojae’’ (Game 
ol Troy) of Roman times. The game seems 
to have been a processional parade or a 
duMe, sometimes on horseback. 

In Engl]^ literature we have frequent 

but no 


one tells us just how it is done. In 1870, 
one Anne Sylvester, writing in ^ ‘Notes and 
Queries,'" laments the fact that the old Brit- 
ish “Game of Troy" is becoming extinct, 
but as she does not describe it we are still 
left in the dark. If we are to get a solution 
to this problem, we must probably look to the 
Tenne^ee mountaineers. 

Although the explanation is highly specu- 
lative, Matthews that the Troy Town 
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After Uatthema from 0. Worm, IBSl 
FIG. 9. A DAlSnCSH EXTNIC STOISTE 

BEAElNG THE DESIGN OP A TROT TOWN LABYRINTH. 

Labyrinth may have been a neolithic Nordic 
Aryan design associated with some ceremony, 
and that it entered England with the Dan- 
ish and other Scandinavian conquests, and 
Greece and Italy with the Aryan migration. 

IiraEEPRETATION OF THE DESIGN BY 

American Induns 

According to Buckingham Smith, the 
Pima Indians in southern Arizona call the 
design ^^Teiihiki^' and describe it as the 
House of Tcuhu. Tcuoho (Gopher) was a 
mythical hero who led the Pima dans from 
the underworld by diggiog a spiral hole. 

After the rediscovery of the Hopi design, 
the attention of several Hopi Indians was 
called to the symbol. Edmund Nequatewa 
interpreted it as Wt^pn WirTd^ a mythical 
tower built by the women to escape from the 
men. Alfred Whiting diowed the design to 
Lomaheftewa of Shungopovi, who called it 
the *^HoTOe of Matdto/^ "Whiting later 


showed it to Don Talayesva of Oraibi, who 
stated that it was known by two names, the 
House of Manchito and the House of the 
Spanish Priests, meaning the Mission of San 
Francisco at Oraibi (destroyed in 1680), 
which, legends hold, had a labyrinth en- 
trance. Mateito, or Manchito, was the legen- 
dary founder of Oraibi. It would seem that 
these names apply to any kind of labyrinth, 
not particularly to Troy Town. 

Trot Town in the Southwest 

The southwestern examples of Troy Town 
at Casa Grande, at Shipaulovi, on modern 
Pima baskets, and on Navajo rugs are hard 
to explain, and explanations given now are 
highly speculative. 

At Casa Grande the design is scratched 
fifteen to eighteen inches above the level of 
a second floor, which has been destroyed. 
To have drawn it when the floor was m place, 
a man would have had to sit. On the other 
hand, if a man stood on the debris which once 
filled the first floor room (debris which was 
probably removed m 1889), he would have 
been in a good position to make the drawing 
while standing. This would place the earli- 
est possible date perhaps a century after 1400 
AD., when the structure was thought to have 
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After Matthews 

FIG. 11. LABYRINTH, LHCCA CATHEDRAL 

THIS IS AH BXAMPU: OF THE EOMAN TYPE FOUND 
ALSO IN MANY OF TEE CATHEDRALS OP PHANCB. 

been abandoned. The drawing was first re- 
corded in 1889 by Cosmos Mindeleff, so it 
conld have been made any time between 
about 1500 a.d. and 1889 a,i>. Moreover, it 
is known that Father Kino said mass in the 
ruin in 1694, and Father Kino was a German 
who might well have been familiar with Troy 
Town. 

An unknown priest visited the ruin in 
1761 or 1762 and left a drawing of Troy 
Town on a margin of his manuscript, saying 
it was a plan supplied by a Pima Indian of 
another ruin. Apparently Troy Town was 
as well known to the Pima Indians of the 
eighteenth century as it is today, so the Casa 
Grande specimen could have been drawn by 
one of them. In any case, there was ample 
opportunity for European contact. 



MaWy&m after P. Ralterta 
mSr, 12. CAJEEBEOIA 

TEM (UXSSmXEA IB A WEIjSH EXAMPLE OP TEOY TOWN. 


The design at Shipaulovi was first noted 
by A. M. Stephen in 1893 ; he said the Hopi 
called it ‘‘Towi-nakvi-ta-ta’^; Edmund Ne- 
quatewa states that the name does not refer 
to the labyrinth but to a nearby rock forma- 
tion which resembles a modern turquoise ear- 
ring. The design is not engraved, as most of 
the modern Hopi petroglyphs are, but is 
pecked in the sandstone rock, as are the pre- 
historic or early historic drawings in that 
area. The peck marks are slightly weath- 
ered but not much more so than others of the 
early historic period. As a Franciscan Mis- 
sion was established at Shungopovi in 1629, 
less than two miles from Shipaulovi, which 



After Matthews 

FIG. 13. STONE LABYEINTH AT VISBT 

ON THE ISLAND OP GOTTLAND IN THE BALTIC SEA. 


had a visita at Mishongnovi half a mile from 
the rock, it does not take much imagination 
to see that there was plenty of opportunity 
for Europeans to have introduced it between 
1629 and 1680, when the Hopi had many 
European contacts. 

Although not impossible, it is highly im- 
probable that so complicated a design could 
be an independent invention. This is sup- 
ported by the fact that it does not appear 
among any of the thousands of southwestern 
petroglyphs of certain prehistoric age, so we 
cannot prove great antiquity for any of the 
known American examples. Therefore, we 
must conclude that Troy Town in the South- 
west could easily have arrived from Europe 
across the ocean via Mexico by diflSusion. 



NEWTONIAN AND OTHER FORMS OF 
GRAVITATIONAL THEORY 

II. RELATIVISTIC THEORIES 

By GEORGE D. BIRKHOFF 


The Larmor-Lorentz-Einstein Framework 
of Space-Time. If an impartial observer, 
supplied with an astronomical clock and a 
telescope but with no other means of physical 
observation, were to make observations on 
the heavens, he would discover a universe in 
which all of the stars appeared on an equal 
basis. He would observe that in his indi- 
vidual space and time, the laws of geometry 
hold, but he would grant that exactly the 
same laws must hold equally well for any 
other observer. He would of course realize 
that light travels with respect to him at a 
velocity which he might well take to be unit 
velocity. But he would expect light to travel 
in the same fashion relative to the space of 
an observer on another star. In this way he 
would be led without logical difficulty to a 
certain space-time framework in which the 
notion of simultaneity has no longer the same 
significance for all observers; in particular, 
events simultaneous for the observer on star 
A would not be simultaneous for an observer 
on star JB, unless A and B are relatively at 
rest. His final unavoidable mathematical 
conclusion would be the following : It is pos- 
sible to set the observations of other observers 
in agreement with his own by a very simple 
rule : the clock of any other observer ap pears 
to go at a slower rate in the ratio of 
to 1, and distances in the line of motion are 
contracted in the same ratio. Here v is the 
relative velocity of the other star. 

Working from electromagnetic considera- 
tions alone, Lorentz was led to assume about 
1892 that such a spatial contraction takes 
place in moving electromagnetic systems. 
Later on, Larmor and he recognized more 
explicitly the necessity for a similar time con- 
traction. By this means not only were the 
null effects of the Michelson-Morley experi- 
ments fully explained, but a number of other 
null effects as well. 

We may say, then, that the space-time 
appropriate to the stellar univei^e and to 
electrodynamics is this type of ^^astro-elec- 


tric space-time. However, while Larmor 
and Lorentz saw in the situation a certain 
disagreeable mdetermmacy in the specifica- 
tion of the underlying eiiier, Einstein was 
led (1905) to affirm positively that from the 
very nature of physical law it is impossible 
to single out one of these systems of reference 
as being at rest. This conclusion would ap- 
pear entirely natural to the impartial stellar 
observer referred to above. 

The Lorentz Group. The theory so ob- 
tained constitutes Einstein ^s special theory 
of relativity and amounts to a change from 
the Newtonian group of motions to what we 
shall call the Lorentz group, although it 
might with equal propriety be called the 
Larmor-Lorentz group. In this type of 
framework of reference we have a homogene- 
ous four-dimensional framework in which one 
coordinate is time-like and the other three 
are ^'space-like,*’ but nevertheless space and 
time are fundamentally commingled. The 
two invariants of distance and interval of 
time of the Newtonian framework are now 
replaced by a single invariant termed by 
Lorentz the "local time, ” which may be writ- 
ten in the symmetric form 

ds^ = di^ - dy^ - dzK 

The language of 4-vectors is completely 
appropriate to this type of space-time, and 
the mystic equation holds: 

1 second = 186,300 V"" 1 miles. 

Today eveiy well-informed physical theo- 
rist accepts this type of space-time as funda- 
mental in the electromagnetic domain. The 
4-veetor language referred to is identical in 
structure with that of 3-veetors, fundamental 
in the Newtonian theory. 

The Gravitational Theory of Nordstrom 
{1912). The question immediately presents 
itself as to how gravitation is to be accounted 
for in such a modified framework of ^ace- 
time. The fiirst suggestion is to take ovmr 
directly the equations written in Part I as 
characteristic of the Newtonian thoory. 
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However, such a direct transposition is not 
possible for a reason which can be readily 
specified. 

In the new type of space-time, where the 
natural independent variable is the local time 
appropriate to each particle, and the velocity 
vector has four components instead of three, 
the ‘"length^’ of the velocity vector turns out 
to be 1, while the acceleration vector must be 
considered as always being at right angles 
(“ orthogonal”) to the velocity vector. This 
makes it necessary to insert a very simple 
type of additional term in the second of the 
equations given earlier in the case of the 
cosmic dust model. 

Furthermore the first equation there writ- 
ten, which yields the conservation of mass, 
may be united with the second equation, by 
employing the symmetric velocity biveetor 
multiplied by the density p; this product 
may be called the energy bivector and is de- 
noted by T. Thus the complete equations 
reduce to only two in the Nordstrom theory. 


div T = p [grad g- grad g) 
divgrad p = 4np. 

If we desire to use as model a homogeneous 
adiabatic fluid or gas it is only necessary to 
add a pressure term to the tensor T.^ 

The close formal analogy between this rela- 
tivistic theory of Nordstrom and the New- 
tonian theory of gravitation thus becomes ap- 
parent. 

On this basis Nordstrom was able to ac- 
count for all of the usual phenomena of 
gravitation. The primary reason why the 
theory was unfavorably received at the time 
was lhat it would yield a regression instead 
of the desired advance in the perihelion of 
Mercury. The new theory predicted the 
same shift of spectral lines toward the red 
as did the later generalized theory of relativ- 
ity of Einstein. 

It is interesting in this connection to quote 
a note added by Nordstrom during the final 
correction of proofs of his article: 

I liaTe leaanied from a commimieatioii by letter from 
Professor Emsfceia that be bas already occupied bim- 
sebE -witb tbe po^bility dealt with bere, namdy, to 
treat gravitational pbciK^mena in a simple way, and 

^ is, T = where tbe constants gii 

mco for % and j liferent, and ^=1, 


that be bas come to tbe conviction that tbe conse- 
quences of sueb a theory cannot correspond with tbe 
reahty. He shows through a simple example that 
according to this theory a rotating system in a gravi- 
tational field undergoes a smaller acceleration than a 
non-rotating system. . . . However the consequence 
mentioned indicates that my theory cannot be united 
with the Equivalence Hypothesis of Einstein. . . , 
But although the Einstein hypothesis is remarkably 
ingenious, it introduces great difficulty. ... On that 
account it is desirable to consider gravitation from 
other points of view, and I will permit my communi- 
cation to serve as a contribution in this direction. 

Possibly mathematicians, interested in 
natural varieties of important theories rather 
than solely in pursuing the ignis fatuus of 
the ^‘one true theory,” will some day give 
sufficient attention to this simple gravita- 
tional theory of Nordstrom’s in order to 
develop the principal properties of the con- 
ceptual universe which he has defined. For 
example, the two-body problem might weU 
be investigated as it arises in his theory. 

Before passing on, however, it is impor- 
tant to note one modification arising in the 
Nordstrom theory. In fact, the last equation 
written, analogous to the Poisson equation in 
the Newtonian theory, is used to determine 
the Nordstrom gravitational potential g as 
a retarded potential. This means that al- 
though the theory is reversible from the 
formal point of view, it will not be so in 
actuality. In fact, when time is reversed, 
the retarded potential becomes an advanced 
potential, and hence motions are not re- 
versible. In consequence one is led to expect 
the gradual loss of energy through a kind of 
gravitational radiation. 

The Equivalence Hypothesis and Tensors. 
With reference to a body falling freely in a 
vacuum toward the earth, gravitational phe- 
nomena seem to disappear. It was the fun- 
damental assumption of Einstein’s which led 
to his general theory of 1916 that a like situa- 
tion holds in all gravitational fields, at least 
to a certain extent. This conjecture consti- 
tutes his celebrated Equivalence Hypothesis. 

When the hypothesis is employed in con- 
junction with the daring but philosophi- 
cally plausible hypothesis which it suggests, 
namely, that space-time is conditioned by 
matter, one is led directly to Einstein’s gen- 
eral theory of relativity. In this theory 
the geometrical ideas of Riemann concerning 
generalized spaces and the corresponding 
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tensorial language of Eicci and Levi-Civita 
play a fundamental part. 

The Associated Group and its Invariant. 
The associated group is now the extremely 
general one which admits all possible con- 
tinuous deformations of space-time. This 
means that any coordinates of reference 
whatsoever may be employed. There has 
been a tendency on the part of Einstein and 
others to give this characteristic feature of 
the new theory of relativity a fundamental 
philosophical significance. But it must be 
remarked in this connection that any entity 
can be expressed in terms of such general 
coordinates. For example, a spherical sur- 
face in ordinary space is a very concrete 
mathematical entity, and yet it can be de- 
fined intrinsically as a simply connected two- 
dimensional manifold with constant Eieman- 
nian curvature. In this way we achieve the 
intrinsie definition of a specific surface in 
the general language of tensors. 

The single fundamental invariant is usu- 
ally designated by ds and may be called ‘Hhe 
element of local time,’’ since it has that sig- 
nificance from the physical point of view. 
With Eiemann, it is supposed that the square 
of this small element of time, is measured 
by a quadratic expression in terms of the 
small changes of the coordinates. It can be 
proved that by choosing suitable ‘‘normal 
coordinates,” lie local space-time framework 
in the neighborhood of a point (an event) in 
the four-dimensional world under consider- 
ation, takes the same form as that basic in 
the space-time of the special theory of rela- 
tivity, namely that defined by 

ds^ dt^ ~ dx^ - dy^ - dz^. 

Here the light-second is taken as the unit of 
distance. 

In such normal coordinates the Equiva- 
lence Hypothesis means that bodies move in 
locally straight lines with locally uniform 
velocity, while light is also propagated 
reetilinearly with Ihe velocity 1. 

It is a fundamental fact that when such 
normal coordinates are employed, the same 
vector notation as before is generally avail- 
able for expressiag the tensor formulation. 

The Gravitational Theory of Einstein. 
With these considerations in mind it is easy 
to explain the general motivation of Ein- 
stein’s theory. 


As in the theory of Nordstrom, it is suffi- 
cient to introduce the symmetric energy 
tensor of the second order T where the asso- 
ciated matter is conceived of as made up 
either of cosmic dust or of a homogeneous 
adiabatic fluid. The equations of motion 
and the condition for the conservation of 
mass combine into the single tensor equation 
div Y = 0. 

Furthermore, if we denote by G the funda- 
mental symmetric tensor of the second order 
associated with ds^, then the condition that 
space-time is flat where there is no matter 
reduces to div grad (? = 0. The natural way 
to formulate the condition that space-time is 
curved by matter is to replace 0 on the right- 
hand side of the above equation by the sim- 
plest possible expression involving the en- 
ergy tensor of matter T. 

The uniquely indicated outcome gives the 
gravitational equations of Einstem : 


div T = 0 

div grad (? = - Sn (T - ilr|6^) 

These equations are a good deal more com- 
plicated in explicit detail than they are con- 
ceptually, In fact, the theory introduces 
ten new gravitational potentials instead of 
the single potential of Newton ; and when we 
use general coordinates instead of the very 
convenient normal coordinates, the synoptic 
equations above turn out to contain hun- 
dreds of terms. 

Successes and Difficulties of Einstein^s 
General Theory. There are two remarkably 
impressive features of the generalized theory 
of Einstein, The first is that it explains the 
observed excessive advance of the perihelion 
of Mercury, which the Newtonian and Nord- 
strom theories failed to do, and in addition 
predicts the bending of light from distant 
stars by the sun and a shift of spectral lines 
toward the red, both of which effects have 
been quantitatively verified through subse- 
quent observations. The second feature is 
the grandiose suggestion that gravitational 
and possibly all other physical phenomena 
merely amount to a kind of generalized geom- 
etry. The theory has proved extremely 
thought-provoking from the point of view of 
physical theory and from the philosophic 
standpoint as well. 
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On the other hand this theory has not 
entered effectively into theoretical physics. 
There has been general agreement in the nse 
of the special theory of relativity and its 
framework as basic for electromagnetism, 
and (with Larmor) to think of the general 
theory as a brilliant ^‘auxiliary construct.’’ 

' Oertain difficulties of this theory must be 
mentioned. In the first place, the Varia- 
tional Principle adduced by Einstein does 
not really provide the complete equations of 
the theory even for empty space, since it is 
necessary to adjoin a second principle which 
expresses the condition that the elementary 
particle travels in a straight line locally, 
namely hJds-O. Thus in a strict sense we 
have two Variational Principles instead of 
onOf and this fact seems to destroy the sig- 
nificance of the variational property. Of 
course, as was stated in Part I, it does not 
seem reasonable anyway to require such a 
Variation Principle to hold. 

Secondly, in a certain sense, the gravita- 
tional forces of Einstein are superimposed 
upon ail other forces to the same extent as 
are the Newtonian forces. The mechanism 
of the superposition, however, is entirely dif- 
ferent in the two cases: In the Newtonian 
case we simply add on the postulated gravi- 
tational forces as further force vectors; in 
the Einstein case we fbrst express physical 
laws in the 4-vector language of the special 
theory of relativity, and then, merely by 
changing 4-vectors and ordinary derivatives 
into tensors and ^‘eovariant derivatives,” we 
automatically insert the gravitational forces. 

Alternatives to the Einstein Theory. 
There have been many papers written with a 
view to modifying and extending the gravi- 
tational theory of Einstein. It was hoped at 
the beginning that this theory might provide 
tfee basis for explaining the apparent rapid 
expansion of the stellar universe. But it was 
late: seen by Lemaitre and others that such 
m expansion would only be possible if the 
Binstein field condition (the second equation 
imtiea above) was lightened. Likewise it 
^ f ouini by de Sitter and others that the 

four-dteeesiona^ framework might be modi- 
j in an inter^ling way by altering the 
©oi^licas. Such imve 

snItetenliaEy "npidtered. 


magnetic phenomena as well as gravitational 
phenomena in a ^‘unitary field theory” we 
may especially mention the “gauge-invariant 
geometry” of Weyl (1919) and Kaluza’s 
five-dimensional theory (1921), In the first 
of these the quantitative significance of local 
time ds is abandoned, although d$-0 con- 
tinues to represent an invariantive condition. 
Bergmann’s recent book says of the Weyl 
theory that, “in spite of the beauty of the 
geometrical conception, this geometry has 
not led to a successful theory. Likewise 
it is evident that Kaluza’s five-dimensional 
theory and its projective equivalents (Veb- 
len and Hoffman, Pauli), add a fifth dimen- 
sion “which has no direct physical signifi- 
cance.” Here ingenious ad hoc hypotheses 
concerning the fifth dimension yield four 
new world functions which operate as the 
basic electromagnetic vector potential. 

In this way, a number of different and 
interesting further leads have been sug- 
gested, based on curved space-time. All of 
them purport to present a geometrical view 
in which matter appears as a local singular- 
ity in a geometric manifold. The technical 
difficulties to be overcome in their further 
development seem to me extremely great. 
There is an undeniable air of unreality about 
them as well as in Einstein’s generalized 
gravitational theory. 

Some Other Theories. There have been 
attempts to obtain a simpler explanation 
of the crucial phenomena referred to above. 
For example, in this country H. B. Phillips 
(1920) tried to deduce the same conclusions 
from the Newtonian point of view. His sim- 
ple and ingenious theory has since been re- 
discovered more than once. Phillips accepts 
the somewhat vague Principle of Equiva- 
lence of Einstein and shows that, by inter- 
preting it conveniently in the space and time 
of classical physics, it is possible to arrive at 
Sehwarzchild’s basic formula, upon which 
alone all the crucial tests are known to be 
based. Unfortunately, it would be hard to 
deny that some of the reasoning is ad hoe, 
being definitely directed towards obtaining 
ibis very formula. 

Others have tri^ to find a basis in the 

In^rodnotim to the QmenH Theorp of Mdoh 
by P. 0. mth a Eoreword by A. 

(New Xork^ 1S4S)* 
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electromagnetic space-time of special rela- 
tivity. A conspicuous illustration has been 
the attempt of the English astronomer Milne 
(1933).® To me his gravitational develop- 
ments seem lacking in cogency; E. A. Milne 
starts vdth a homogeneous expanding uni- 
verse based on special relativity, and it is 
hard to see how any definite theory of gravi- 
tation results from the inherent properties of 
his model. 

In neither the theory of Phillips nor of 
Milne does there appear a natural analogue 
of the fundamental Poisson equation char- 
acteristic of the Newtonian theory. 

The Eelativistic ^^Perfect Fluid.^^ The 
idea of the perfect fluid’' was introduced by 
me in 1928 but with no thought of using it 
except against the framework of the general- 
ized theory of relativity of Einstein. My in- 
terest in the perfect fluid arose from the fact 
that it was a satisfactory form of matter 
from the mathematical point of view, and 
appeared to afford a possibility for a con- 
ceptual derivation of Schrodinger’s cele- 
brated ‘‘wave equation” of 1927. 

It was only in 1942 that it occurred to me 
to try to construct a gravitational theory in 
which the perfect fluid was used against the 
background of the flat space-time of the spe- 
cial theory of relativity. To my surprise I 
found that the simplest possible theory of 
this type led to results in complete accord 
with known gravitational phenomena. It 
was this new theory which I presented at the 
Astrophysieal Congress in Mexico in 1942, 
Before proceeding with the consideration of 
this theory, it is desirable to make clear why 
the perfect fluid deserves our special atten- 
tion. 

To begin with, let us examine from the 
mathematical point of view, what t 3 ?pe of 
fluid is worthy of being a model for matter. 
The model of cosmic dust, used in the Ein- 
stein theory, appears invalid inasmuch as 
such matter can interpenetrate freely, con- 
dense on a point, and turn inside out, in the 
natural course of events 1 

On the other hand, if we consider forms of 
homogeneous adiabatic fluid in which there is 
procure, we avoid these difficulties, but we 
run into another difficulty which is equally 

3 See Ms BelatwUif, Gravitation and World Stmo' 
iwre^ 1936 . 


serious. Such fluid will have a definite dis- 
turbance velocity at all densities. If this 
disturbance velocity is greater than that of 
light, there is evidently a fundamental diffi- 
culty, since it is a basic presupposition that 
the velocity of light is a limiting velocity. 
If this velocity is less than that of light, and 
if two portions of the fluids collide at op- 
positely directed velocities exceeding this dis- 
turbance velocity, then the equations break 
down. Thus it seems essential to demand 
that at all densities, the disturbance velocity 
must be exactly equal to that of light When 
we do so, there is obtained the “perfect 
fluid ’ ’ with ‘ ‘ equation of state ’ ’ p = I p- For 
reasons which I cannot enter upon here, it 
seems certain that no difficulties can ever 
arise with interacting and colliding portions 
of perfect fluid, moving in a relativistic 
framework. 

Such a fluid will be almost incompressible, 
due to the enormous disturbance velocity, 
and its mass will not be strictly invariable. 
It is impossible therefore to criticize its 
structure on account of any thermodynamic 
argument based upon the strict conservation 
of mass. As has been kindly remarked in 
Buenos Aires by my eminent colleague, Pro- 
fessor Enrique Butty, the perfect fluid has 
a certain analogy with the well-known “lu- 
miniferous ether” of Young and Fresnel in 
which light travels in all directions with the 
same velocity. There is, however, the basic 
difference that while the luminiferons ether 
is essentially static, the perfect fluid is con- 
ceived of as only fflling part of electromag- 
netic space-time, and as mobile and dynamic. 

The New Theory, My theory, like Nord- 
strom’s, is built upon the electromagnetic 
frame-work of the special theory of rela- 
tivity. I start from the perfect fluid a 
model and introduce a symmetric gravita- 
tional potential E (a tensor), letting T 
designate as before the symmetric energy 
tensor of the perfect fluid. 

The equations of motion of the fluid are 
of course written div T = where / is a force 
4-vector which has to be specified. The nat- 
ural requirement, by analogy with the New- 
tonian theory, is that the 4-vector / should be 
linear in the “first partial derivative” of M. 
Furthermore, f must be automatically or- 
thogonal to the velocity vector since, as 
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kas been noted above, the force and accel- 
eration vectors are always orthogonal. Fin- 
ally, it is natural to require that the gravi- 
tational theory shall be formally reversible 
in character, as it has been in all previous 
theories. The simplest form for f which 
meets these requirements is then the f ollow- 
ing:^ 

pu curl ST 

Thus the two equations of the ‘‘perfect 
fluid” theory are obtained : 


div T:=.pu curl E u 
div grad H = 8nT 


The “perfect fluid” theory of gravitation 
embodied in the above equations not only 
yields an explanation of gravitation in its 
first order effects, but also leads to essentially 
the same conclusions as Einstein ^s regarding 
the three crucial second order effects! It 
seems to me to deserve careful consideration. 

There is no difficulty in incorporating the 
electromagnetic as well as gravitational 
forces in the new theory. Of course the elec- 
trical charge is thought of as invariably at- 
tached to the perfect fluid. The form of the 
electromagnetic force which has to be added 
to the gravitational force specified in the first 
equation of the “perfect fiuid” theory is of 
interest, because of its structure. The more 
important electromagnetic force vector is 
known to be linear and homogeneous in the 
velocity vector n while the gravitational force 
vector is quadratic in the above theory. This 
is fitting, in view of the fact that gravita- 
tional forces are much smaller. One recalls 
in this connection a daring speculation of Sir 
J<^ph Larmor^s in a section entitled “Are 
the linear equations of the Aether exact?” of 
his important work “Aether and Matter 
(1900) f where he a^s: “Why then should 
not relatively minor phenomena like gravita- 
tion be involved in similar non-linear terms 
in . . . the analytical specification of the 
free aether. . 

It is to be emphasized that the new theory 

* This BotatiOQ is not quite complete, since a 
txia& emrl H, is involved. The specific defi- 

is 



is strictly based upon electromagnetic space- 
time and is formulated completely in the lan- 
guage of 4-vectors. The development of the 
theory and its application to the crucial phe- 
nomena is an elementary and simple matter 
requiring only four or five pages of routine 
mathematical work. 

Whether or not these equations can be ob- 
tained out of a simple, unified variational 
principle remains to be seen. I have not as 
yet had an opportunity to investigate this 
interesting question. Likewise I have not as 
yet found time to examine whether or not the 
theory suggests further experiments, by the 
aid of which it and the Einstein theory of 
1916 might be compared. 

Concluding Remarks, My primary pur- 
pose has been to convey some idea of the in- 
timate formal relation between the grandiose 
theory of universal gravitation of Newton 
and certain recently proposed relativistic 
modifications. It seems clear that the New- 
tonian theory will always stand as the real- 
istic basis for astronomical calculations. 
Eelativistic theories are likely to be used 
only in a few cases when large velocities enter 
and the minute relativistic effects can be ob- 
served. 

Nevertheless such relativistic theories seem 
more in accord with the electromagnetic 
structure of matter than does the theory of 
Newton. These new theories deserve much 
more serious attention than they have re- 
ceived, both from theoretical physicists and 
mathematicians, for they are as yet in a 
highly incomplete state. For example, it is 
not even known whether a real analogue of 
the two-body problem exists in any of them. 
Furthermore, not one of them is really a field 
theory in the complete sense of the classical 
electromagnetic theory of empty space, since 
all differentiate between the parts of space- 
time where matter is and void space-time. 

One cannot but feel the highest admira- 
tion for the solid and permanent accomplish- 
ments of the gravitational theory of Newton, 
and for the splendid developments of classi- 
cal physics which it inspired. It would be 
intensely interesting to know how Newton 
himself would regard the relativistic variants 
of his theory which have been suggested by 
modem developments in electromagnetism 
and modem mathematical formalism. 




THE NATIONAL ROSTER OF SCIENTIFIC AND 
SPECIALIZED PERSONNEL 

By LEONARD CARMICHAEL 


I AM sure that almost every reader will 
agree that highly trained professional and 
scientific personnel is a national resource 
indispensable to the snccessfnl prosecution 
of the war, on the fighting and on the home 
front. The mobilization of a modem, demo- 
cratic, industrial nation for total war must 
necessarily pass through a series of different 
developmental phases. This dynamic process 
last year reached an extremely grave point 
so far as the proper utilization of technical 
manpower was concerned, and the situation 
is even more grave today. It is fortunate, 
therefore, that the instrument of the Federal 
Government for dealing with this problem — 
the National Roster of Scientific and Special- 
ized Personnel, which was created a little 
over three years ago — ^is now well established 
in its functions and procedures. At least 
some of its growing pains are over. 

The recognition of the need for this cen- 
tral clearing house, not only for the names 
of specialists but also for the development of 
policies and procedures concerning the utili- 
zation of specialists, first took concrete form 
in the summer of 1940 in the organization 
of the National Roster. The lack of such a 
mechanism in the last war, resulting in hap- 
hazard handling of such personnel, was the 
principal factor in developing the Roster 
mechanism to prevent a recurrence of these 
difficulties. In short, the Roster was created 
because of the necessity of having an organi- 
zation specially equipped, in terms of facili- 
ties and personnel, to deal with the special 
characteristics and complexities of the pro- 
fessional labor market No matter how de- 
centralized their regular labor market pro- 
cedures may be, other countries, on the basis 
of similar experiences, have also found it 
necessary to establish central agencies and 
controls for dealing with professional and 
scientific personnel on a policy and indi- 
vidual case basis. 

The National Roster was established in 
June 1940 under the Joint sponsorship and 


direction of the United States Civil Service 
Commission and the National Resources 
Planning Board. Under authority of the 
Employment Stabilization Act of 1933, the 
National Resources Planning Board had been 
charged, among other things, with develop- 
ing procedures for the proper conservation 
of natural resources, both physical and hu- 
man. To the National Roster was delegated 
the responsibility of devising effective pro- 
cedures for carrying out the function of con- 
serving one highly important segment of the 
Nation’s human resources — ^highly trained 
scientific and specialized personnel. The 
charter of agreement between the United 
States Civil Service Commission and the Na- 
tional Resources Planning Board concerning 
the setting up of the Roster was approved by 
the President of the United States. 

In creating the War Manpower Commis- 
sion on April 18, 1942, President Roosevelt 
stated in his Executive Order that the func- 
tion of administering the National Roster 
should be transferred to that Commission. 
In Section 6 of his Order, the President di- 
rected that the National Roster should be 
preserved as an “organizational entity” 
within the War Manpower Commission, 
Since December 1942, the Roster has been 
an integral part of the War Manpower Com- 
mission’s Bureau of Placement. 

The primary function of the Roster is to 
provide for the most effective utilization of 
this country’s scientifically and profession- 
ally trained citizens in the war. Two pur- 
poses of equal importanee predominate in 
the functioning of the Roster : first, the re- 
cruitment of skilled professional and scien- 
tific individuals for the Army and Navy and 
all other war work 5 second, the best possible 
utilization and hence conservation of this 
reservoir of human resources. Through each 
changing phase in the nation’s mobilization, 
the Roster, in accomplishing its functions, 
has kept foremost its basic purpose of making 
a proper contact between the right profes- 
141 
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sionally trained man or woman and the right 
war job. 

Fundamental plans of the Eoster from its 
inception have been to secure as nearly com- 
plete registration as possible of all highly or 
specially trained individuals in the United 
States in professional and scientific fields 
which are critical or significant because of 
war needs. During the three years of its or- 
ganizational existence, the Roster has devel- 
oped an analytical punch-card record of the 
locations, qualifications, and special skills of 
more than a half million of the Nation ^s sci- 
entists and professional men and women. 
As of July 1, 1943, the Roster had in its files 
data on the qualifications of 597,666 men and 
women who were distributed among 61 pro- 
fessional fields. Of this number 224,133 
were physicians, dentists, and veterinarians, 
who come under the jurisdiction of the Pro- 
curement and Assignment Service of the 
War Manpower Commission. The master 
punch-card index is so organized in the 
Roster office that any individual combination 
of skills or abilities required for particular 
war needs can be selected quickly and accu- 
rately. This selection process is accom- 
plished by the use of electric card sorting 
procedures. 

The Roster has well established procedures 
for maintaining on a current basis informa- 
tion on registrants, particularly those in the 
critical fields. This is accomplished by peri- 
odic recircularization of Eoster registrants 
with a brief supplemental questionnaire. 

As an illustration of some requests made 
of the Roster for unusually qualified persons, 
I recall an order placed by the War Depart- 
ment requesting ‘Hhe names of Americans 
who possess a knowledge of epidemiology 
«nd chemotherapy, are competent in the diag- 
nosis and control of ETidamoeha histolytica 
and other protozoan infections, have a knowl- 
edge of the Hindustani language, are skilled 
in the operation and use of specialized bac- 
teioiogical research apparatus, and have 
teaveled in the tropi<^^’ An epidemic had 
out in a tropical island where the 
yniled States was building a new air base. 

barriers were thought to be trans- 
BGmdm An hour after the request 
;i^e^faFed, tha^iwae.of an available and 

and b^ore the 


day was out be was on an Army clipper fly- 
ing to report for duty. Of course, such com- 
plex and dramatic requests are not an every 
day occurrence, but many such have been 
received and they have been filled. 

At the beginning of its fourth year the 
Roster found its task decreasingly but still 
actively concerned with the recruitment of 
personnel, and increasingly employed in at- 
tempting to secure the effective reallocation 
of highly trained scientific workers from less 
essential to more essential war activities. In 
the fields of critical personnel shortages the 
time has passed when individuals can freely 
move or be shifted haphazardly from one 
position to another without harming an ac- 
tivity which is nationally important. A sig- 
nificant function of the Roster is to partici- 
pate in effecting such transfers with the 
purpose of advancing the war effort. It 
should be emphasized in this connection that 
another important function of the Roster, in 
its consideration of the proper allocation of 
professional and scientific personnel, is to 
assist the Army and Navy in securing such 
personnel to fill technical posts, and at the 
same time to maintain a sufficient number of 
such experts in really essential civilian war 
jobs. 

In order to perform its functions, tbe Ros- 
ter is organized in three principal sections. 
First and foremost is what we call the Pro- 
fessional Placement and Evaluation Section, 
which is concerned with the analysis and 
evaluation of requests for personnel. This 
Section also concerns itself with job analyses 
and the evaluation of all qualifications of 
available professional workers to meet the 
specific war job requests that are received 
before certifying selected lists to prospective 
employers. 

Requests for scientific and specialized per- 
sonnel are received by the Professional 
Placement and Evaluation Section of the 
Eoster from Government agencies, educa- 
tional institutions, private industry, and the 
Army and Navy. The determinations that 
the Roster must make as to who shall be cer- 
tified in connection with each such request 
require the consider^ition of many impor- 
tant factors. The first, of course, is the qual- 
ity and extent of the experience and educa- 
tion of the registrant. In addition, and this 
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is important, the present employment of the 
individual is taken into consideration to de- 
termine whether he is now filling a position 
which is also vital to the war effort. If he is 
serving in a position essential to the coun- 
try’s war effort, as defined by the War Man- 
power Commission, he will not be certified 
unless it is determined that he will be more 
valuable in this new position than in his pres- 
ent one. This determination must be made 
before an individual’s name is certified for 
another position. As one example, there 
might be cited the case of the United States 
Rubber Company, which had been holding 
up operations of a cartridge manufacturing 
plant in Des Moines, Iowa, because of its im- 
perative need for a top-notch brass metal- 
lurgist it had been unable to locate. The 
Roster located a number of persons possess- 
ing the necessary qualifications and deter- 
mined which of the several plants in which 
these persons were employed was in the best 
position to release one of these men. In this 
ease the plant in question was queried and a 
friendly release secured for the needed man. 
Another example would be the case of 
Vought-Sikorsky in Connecticut, which 
sought a highly specialized metallurgist to 
head a new testing laboratory found to be 
essential to the eflSeient operation of the 
plant. Again, through the Roster ’s resources 
a highly qualified individual was located and 
made available, although he was at the time 
employed in an essential activity. Similarly, 
the Roster has been called upon to make 
available highly specialized personnel in the 
engineering and chemical professions for as- 
signment to Government positions in North 
Africa as well as to perform secret research 
work of great importance In connection with 
battlefront problems which require imme- 
diate solution. Once again, the personnd 
provided were already engaged in essential 
activities. 

For all Jobs in the Federal civil service, 
certification is made through the United 
States Civil Service Commission. For Jobs 
in industrial establishments, certification is 
made through the local United States Em- 
ployment Service office. This cooperative 
procedure is set forth formally in a United 
States Employment Service Operations Bul- 
letin. In addition to the above procedures, 


local U.S.E.S. offices transmit to the Roster 
the names of professional applicants. The 
Roster certifies directly to colleges and uni- 
versities and to the Army and Navy. In the 
case of the armed forces, the Roster often as- 
sists in locating qualified and available per- 
sons, who are offered commissions. In this 
fnnction the Roster acts for engineering and 
the sciences in a manner comparable in many 
respects to the Procurement and Assignment 
Service for Physicians, Dentists, and Veteri- 
narians of the War Manpower Commission. 
To date, the National Roster has certified 
over 140,000 names of specialists to varions 
agencies engaged in the war effort, including 
requests from the Army and the Navy for 
specialists to be made commissioned officers. 
More than 10,000 individuals have been di- 
rectly offered commissions in the Army and 
Navy from the Roster’s rolls. In all such 
eases the Roster has Judged that the indi- 
vidual in question eonld use his highest skill 
in the armed services for the work specified. 

It is important to point out that Roster 
lists are not like Civil Service registers. 
Thousands of highly qualified specialized 
personnel who registered with us have never 
been seekers for employment. We once 
brought out five men who were listed as hav- 
ing salaries of $200,000 or more. We have 
on the Roster many men who are not hunting 
for a Government Job or for a Job transfer. 
We have tried to create a different point of 
view. We wanted a complete registration. 
So the Roster lists are not to thought of as 
being the same as the Civil Service lists of in- 
dividuals who are wiLLiag to take Jobs. The 
Roster convinced many of the people on its 
lists that, due to the national need, the indi- 
vidual should take a new war Job. We have 
many, many examples of men who have, I 
think, without any indirect thought of profit, 
taken Jobs at one-half or sometimes one- 
fourth of the salary that they have been se- 
curing, and I believe they have done so 
purely out of desire to do a patriotic Job in 
this period of great national crisis. 

In order to make the day-in-and-day-out 
operations of placement in the Roster ef- 
fective and appropriate to the current and 
ever-changing national manpower picture in 
the professions, it has been found necemry 
to buttress the placement ^rviee of our office 
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with two other special ofiSce sections. The 
first of these is the Professional Surveys Sec- 
tion, which was established in the office of the 
Roster in order to provide accurate informa- 
tion concerning supply and demand in the 
professions. It was organized to carry on 
the work initiated in the Roster by a volun- 
teer Committee on Wartime Requirements 
for Specialized Personnel set up in the win- 
ter of 1942 under the able administration of 
Mr. Owen D. Young. Through its Profes- 
sional Surveys Section the Roster assembles 
available data with respect to existing pools, 
potential supply, and prospective require- 
ments for scientific and specialized personnel 
in each field of crucial war service. The 
Section also attempts to relate supply and 
demand figures to the rate of production 
in colleges, universities, and technical schools 
and, through timely surveys, to appraise the 
capacity of educational institutions to train 
additional persons in fields in which short- 
ages exist. The Section maintains liaison 
with the Professional and Technical Train- 
ing Division of the War Manpower Commis- 
sion, the educational world directly, and with 
such agencies as the United States Office of 
Education, the American Council on Educa- 
tion, the Advisory Board of the Engineering, 
Science, and Management War Training 
course program, the Joint Army-Navy Com- 
mittee for the Selection of Non-Pederal Edu- 
cational Institutions, and the national offices 
of the specialized engineering and other fields 
represented by the Roster. 

As a fact-finding service, the Professional 
Surveys Section is designed to assemble con- 
tinuously data on the needs of the Army, the 
Navy, war industry, war research, education, 
and National, State, and local governments 
for trained individuals in the professions, 
sciences, and other specialized fields, and to 
estunate in quantitative terms the probable 
total needs for such men in each field. 

As an advisory service regarding training 
prc^ams, this Section, on the basis of facts 
already secured and to be secured through 
e^mtinuing studio by its fact-finding service, 
available information to those agen- 
^ primarily wnoemed with training pro- 
m well as In eoil^^ universities, and 
sdhocto. Thus far, this Section has 
reports for gmeral dissmnination 


on the personnel situations in physics and 
engineering and it is now engaged in prepar- 
ing similar reports in chemistry, geology, 
mathematics, and the agricultural and bio- 
logical sciences. These reports are probably 
the most detailed and factual studies of pro- 
fessional employment ever assembled in 
America. 

The Professional Surveys Section is organ- 
ized so as to separate into appropriately des- 
ignated units the responsibilities for survey- 
ing the situations in the areas of industry, 
government, including the military, and edu- 
cational institutions. The information de- 
veloped by these units is coordinated and 
interpreted in the form of reports, analyses, 
and summary statements. From the first, 
the policy with respect to surveys has been 
to utilize whenever possible the fact-gather- 
ing facilities of other agencies. Thus, last 
fall the Civil Service Commission conducted 
for the Roster a special survey of the employ- 
ment and need situation in the Federal Gov- 
ernment. The United States Employment 
Service conducted in March of this year, in 
conjunction with its regular bi-monthly labor 
market survey, a special survey of the situa- 
tion in selected professional fields in indus- 
try. As a result of this study we have been 
able to assemble facts concerning the needs 
for engineers and scientists in 15,000 of the 
leading industrial organizations of the coun- 
try. The data provided by these surveys 
have been of great assistance in evaluating 
the overall situations in the professions. Due 
to recent unsettled conditions relating to 
budget and employment m the Federal Gov- 
ernment, we have not yet planned the con- 
duct of a new comprehensive survey of Fed- 
eral agencies, but instead, by direct liaison 
with departments and agencies, have accu- 
mulated current data in those fields in which 
such additional information has been neces- 
sary. 

In the spring of 1942 a number of pro- 
posals were made concerning the wartime 
utilization of our colleges and universities 
for the training of additional supplies of 
personnel in critical war areas. Because of 
specific recommendations for subsidizing 
professional training, other Bureaus of the 
Government were vitally interested in the 
development in the Roster office of a section 
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that would continuously assemble data on 
the human and physical resources of the col- 
leges, which would indicate the training po- 
tentiality of higher education for specialized 
war service. This interest provided the 
principal impetus for the Roster’s undertak- 
ing a series of surveys of the situation in the 
departments of mathematics and physics 
and the schools of engineering in the sum- 
mer and fall of 1942. In the early winter of 
1942, the Joint Committee of the Army, 
Navy, and War Manpower Commission on 
the Selection of Non-Federal Educational 
Institutions requested the Roster to under- 
take a general survey by separate fields of 
the faculty, students, and physical facilities 
of our colleges and universities. This survey 
was also directed at acquiring data on over- 
all plant capacity, such as maximum housing 
and eating facilities. The data acquired 
from these four surveys concerning some 
1,800 institutions have served as the basic 
information used in the selection of institu- 
tions and assignment of tentative quotas in 
the Armed Forces’ training programs. 

We now have under way a series of sur- 
veys of the current situation in several col- 
lege departments and schools. These are the 
departments of physics, mathematics, chem- 
istry, geology and geophysics, and the engi- 
neering and agricultural schools. AU of 
these schedules have been worked out with 
the assistance and cooperation of interested 
and affected agencies. For example, those 
on physics, mathematics, and engineering 
are not only calculated to provide current 
data (which will provide a measure of the 
effectiveness of the Selective Service student 
training bulletin, identified as Activity and 
Occupational Bulletin No. 33-6) but also to 
provide special information needed by the 
Armed Forces in the further development 
and extension of their student training pro- 
grams- 

With few exceptions, the findings of the 
Roster relating to the critical situation in 
separate professional fields have been 
adopted by the Essential Activities Commit- 
tee and recently promulgated by the Com- 
mission as Part II of the National List of 
Critical Occupations. In general, therefore, 
the current problems in the professional 
fields have to do with strengthening mea- 


sures and procedures directed at securing 
the best possible utilization of supplies now 
available for placement, and in apprafeing 
and re-appraismg the effectiveness of mea- 
sures designed to increase such supplies dur- 
ing the war. The present personnel situa- 
tions in the professions do, however, vary a 
great deal from field to field. For example, 
in such fields as engineering and physics the 
shortages of over a year ago have been inten- 
sified in spite of the large emphasis they have 
been given in wartime training programs. 
The critical situation is largely due to the 
extraordinarily heavy demands made by the 
military and civilian government at the same 
time that requirements of war industry were 
increasing so rapidly. 

In another field — ^geology — ^the personnel 
situation at the beginning of 1942 was one 
of reasonable balance between supply and 
demand, with some reservoirs not completely 
exploited for war purposes and, therefore, 
the profession was not generally treated as 
a shortage group. As the result, however, of 
the lack of any general provision for occu- 
pational deferment, a relatively large per- 
centage of the numbers in this group entered 
the armed services and new supplies from 
the colleges have all but disappeared. A 
current study of the situation in this field, 
soon to be released by the Roster, will show 
that the situation now has become one of 
additional need which cannot be satisfied 
because the supplies are no longer in exis- 
tence. Thus, it appears that even though 
geology has now been included on the criti- 
cal occupation list, it will be necessary to 
take positive steps to see that additional sup- 
plies are made available in this field during 
the war. Geologists are using their profes- 
sional skills in the Army and are also en- 
gaged in special explorations in connection 
with the discovery of new sources of water, 
petroleum, and strategic minerals in this 
coimtry and in countries now occupied by 
our troops abroad or cooperating with the 
United Nations. 

It is always important to assist the Army 
and Navy, war industry, and the agencies 
concerned with the welfare of the nation in 
order to make a proper distribution of its 
technically trained manpower. For nearly 
two years the personnel situation in the pro- 
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fessions and sciences iias been emphasized to 
local Selective Service boards by the National 
Eoster. Oceupational Bulletin No. 10, con- 
taining the first list of critical professional 
occupations, was issued in June 1942. This 
list was issued by the Selective Service Sys- 
tem upon certification by the National Eoster. 
Even prior to this date, however, the Na- 
tional Eoster, through its Military Advisory 
Section, had been providing assistance to 
local boards in certifying as to the profes- 
sional qualifications and essentiality of work 
of Selective Service registrants in Eoster 
areas. This was a special procedure placed 
in operation, in the fall of 1941, with the 
express approval of General Hershey, and 
the certifications made by the Eoster are 
written on the stationery of the National 
Headquarters of the Selective Service Sys- 
tem and bear the signature of General 
Hershey. Because of this relatively long his- 
tory we are informed that many local boards 
understand and have confidence in the Na- 
tional Eoster and regard it essentially as a 
central placement and assignment agency in 
the professions. 

The number of occupational deferments in 
the fields with which the Eoster deals is rela- 
tively lai^e ia relation to the total number of 
outstanding occupational deferments, even 
though the total number of personnel in the 
critical professional occupations still in civil- 
ian activity amounts to less than one per- 
cent of the total civilian working popula- 
tion. As a result of their considerable expe- 
rience in dealing with registrants claiming 
professional qualifications, the local boards 
are now in a petition to make relatively accu- 
rate determinations concerning occupational 
status in a majority of cases of registrants in 
profmional fields. 

There has recently been established in the 
National Ec^r a Professional Allocations 
Section staffed with employees possessing 
outstanding qualifications in important pro- 
fessional and scientific fields. Attached to 
tlife secfiicM are advisory committees in 
physic^ matfematie^ diemistry, and engi- 
the members of which serve as con- 
to the National Eoster in helping 
te deteonhie polimes and procedures and in 
m ioiimdnal of a borderline 
wiffi reaped to Seli^tive ^^rvii^ 


status, placement, and overall utilization 
problems. There has been operationally 
identified with the Eoster a Committee on 
Scientific Eesearch Personnel, created by 
Governor McNutt on March 22, 1943. This 
Committee is composed of a high-ranking 
representative from the Army, the Navy, the 
National Advisory Committee for Aeronau- 
tics, the Office of Scientific Eesearch and 
Development, and the Office of Production 
Eesearch and Development of the War Pro- 
duction Board; it reports directly to Gov- 
ernor McNutt and acts on individual cases 
of scientific and professional personnel en- 
gaged in war research designed to develop 
or improve weapons of war. 

At present the National Eoster has advised 
the local Selective Service boards concerning 
approximately 15,000 individuals registered 
with the Roster. The Roster has also fur- 
nished special advice to the Office of the 
Adjutant General, War Department, con- 
cerniug approximately 6,700 Roster regis- 
trants who have been inducted into the Army 
of the United States. The War Department 
has requested the Roster to provide this in- 
formation so it can be considered in deter- 
minmg the best utilization to be made of the 
inductee in the armed forces. In total re- 
sult, these procedures perform in the United 
States the same function which is performed 
in England by procedures which provide for 
the reservation of certain scientists for war 
work. 

The Roster recognizes that probably the 
most important function of scientifically and 
technically trained men in the war is in 
direct service with the armed forces of the 
nation. It is clear that modern warfare re- 
quires for its successful accomplishment 
specialists who have the same sort of basic 
intellectual abilities that have made them the 
good peacetime chemists, biologists, and civil 
engineers. Thus, in thinking about the 
proper utilization of technically trained men 
in America, the Eoster has emphasized over 
and over again that care must be exercised 
to avoid two common fallacies. The first is 
that professional men must not think that 
they can serve the country at war only in a 
civilian capacity. Second, they also must not 
believe that if called into the Army or Navy 
they rqrast necessarily serve only in the field 
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for wMeL. they have been professionally 
trained. The Eoster knows that the general 
needs of the armed services are such that 
men of high ability, particularly those with 
the sort of brains that have made them good 
students in science and mathematics, must 
be secured from the general population. 
Such good brains in young bodies must then 
be trained for a multitude of special jobs in 
the armed forces which require such ability 
but have no full counterpart in civil life. 

While no final and absolute machinery for 
the allocation of professional workers to 
necessary wartime jobs has yet been devel- 
oped, and, of course, no authority to make 
mandatory assignment has yet been granted, 
it can be anticipated that at least a process 
of more active allocation of individuals will 
now be developed in the professional fields 
contained in the List of Critical Occupa- 
tions. The Professional Surveys Section ^s 
continuing factual estimates of personnel 
supply and demand, its survey of educa- 
tional and training agencies, and the Eoster 's 
perpetual inventory of the location and 
qualifications of all such personnel will be 
of basic importance to any such program. 

In the prosecution of modern warfare, it 
is obvious that victory wiLl be achieved only 
by the adoption of appropriate measures to 
make proper contact between the right man 


and the right job, either in the combat ser- 
vices or out. The National Eoster of Scien- 
tific and Specialized Personnel was conceived 
to meet this problem at the high professional 
and scientific levels. 

After victory, in the period of demobiliza- 
tion and the development of a new peacetime 
economy in America, the Eoster will stiU 
have an important national service to per- 
form. In cataloguing the civilian skills of 
service personnel, both the Army and Navy 
have adopted a numerical system which is 
largely based upon the punch-card code de- 
veloped by the National Eoster in dealing 
with these same areas of specialization. The 
new skills gained by scientists in the Army 
and Navy may also be catalogued in connec- 
tion with the previous peacetime abilities of 
the same individual. This new listing of the 
abilities of Americans highly trained veter- 
ans can most effectively, therefore, be made 
part of the complete records of the Eoster. 
The increasingly close relationship between 
the Eoster and the local offices of the United 
States Employment Service, and between the 
Eoster and the great industrial and educa- 
tional employers of professional personnel 
will facilitate the effective utilization of its 
records and experience in making effective 
and factual the gigantic post-war placement 
of Americans highly trained personnel. 



WHENCE THE HEAT OF SUN AND STARS? 

By WILLIAM T. SKILLING 


Investigations of the heat of the sun and 
stars begin at home, on the earth. The first 
step is to determine how much radiant energy 
is received by the earth from the snn. After 
making allowance for the part absorbed in 
the earth atmosphere, scientists have found 
that a square centimeter at the surface of the 
earth and perpendicular to the sun’s rays 
receives about two calories per minute. 
Changing from the units of science to those 
of everyday life, it is found that the earth 
receives energy from the sun at the rate of 
about one and one-half horsepower per 
square yard, or about 230 million million 
horse power on the whole earth. Even this 
incomprehensibly large total is only a small 
fraction of the energy the sun radiates, for 
the earth as seen from the sun would appear 
smaller than Venus does from the earth when 
it is an evening star. The sun actually radi- 
ates more energy in a second than the earth 
receive from it in sixty years. 

I 

Ever since primitive man began to cook 
Ms food and warm his eaves, fire has played 
an important and interesting role in human 
life. One can scarcely be surprised at the 
development of fire-worsMp among the an- 
cient Persians and many other peoples. 
When prehistoric man began to try to dis- 
cover the reasons for the things in his en- 
vironment, fire and its accompanying heat 
must have been near the top of ^e list of 
his problems to be solved. Within historic 
tim^ the ancient Greeks considered fire as 
me of the four ** elements,” as they called 
them, out of wMch the world was made — 
^urth, air, fire, and water. 

Early philosophers thought of heat as a 
sort of fluid substance, much as they looked 
upon electricity as composed of two fluids, 
pomtive and ne^tive. Later they called the 
heat fluid calorie” and thought it existed 
in all substance^ flowing out when they were 
hot Mot until about the time of the Bevoiu- 
thmary War mm this idea succeeded by the 
eiiergf theory. Count Bumford one day 


that the amount of the heat of friction seemed 
to be in direct proportion to the amount of 
energy the men expended. When they put 
mechanical energy into the brass, heat came 
out of it. He and other contemporary scien- 
tists developed from this observational begin- 
ning the present theory of the equivalence 
of energy and heat, and measured the amount 
of each that is equal to the other. 

There are many kinds of energy besides 
mechanical (used in the boring of cannon). 
There is chemical energy in the fuel that pro- 
duces heat in burning ; electrical energy that 
is changed to heat and light in the lamp fila- 
ment ; and subatomic energy that is changed 
slowly to heat in radioactive elements. 

Chemical energy is liberated in the form 
of heat when two or more atoms unite to form 
a compound. Burning usually consists in the 
uniting of oxygen with either hydrogen or 
carbon. Sometimes the hydrogen and carbon 
of the fuel are already united with other ele- 
ments or with each other, as in wood and 
petroleum oils. Coal and charcoal are mainly 
carbon. If the atoms of fuel are chemically 
joined into compounds, the compounds are 
first broken down by the heat and then their 
hydrogen and carbon unite with the oxygen 
of the air to form water vapor and carbon 
dioxide. It is in the forming of these com- 
pounds that heat is evolved. A gram of hy- 
drogen, when burned, gives 34,000 calories 
of heat, and a gram of carbon only about 
8,000 calories. This is why petroleum oils 
used as fuels give more heat than coal does, 
weight for weight. 

II 

That fire or any sort of chemical action 
would be wholly inadequate as a source of 
the heat the sun radiates can he shown from 
the data given above. A sun made of coal 
mixed with enough oxygen to burn it could 
not have lasted even since the begttming of 
the Christian Era — ^ahout 1600 years would 
have been its limit with the present rate of 
radiation. When hydrogen unites chemically 
with oxygen (bums), it produces more heat 
than k produced by the burning of an equal 


femng a cannon and notice 

: . ^ ' 148 



WHENCE THE HEAT OF SUN AND STABS I 


149 


weight of any other fuel, hut if the sun were 
composed of hydrogen, together with enough 
oxygen to make combustion complete, the 
heat generated by this best fuel would be less 
than the sun radiates in 2700 years. Another 
objection to the theory that hydrogen has 
been the sun’s fuel is that all the 2700 years’ 
supply of heat would have been generated in 
one instantaneous explosion ! 

The first explanation seriously considered 
by scientists as to a possible source of the 
sun’s heat was offered by Helmholtz nearly 
a century ago. He explained that if the sun 
was once a great mass of gas extending out 
very far into space around its present posi- 
tion, the compression of the gases as they 
fell in toward the sun’s center would produce 
heat. He computed on the basis of sound 
physical principles that in this way the sun 
could have been kept going for some 25 mil- 
lion years at its present rate of heat output. 

By the early part of this century geologists 
had found evidence that the earth, and there- 
fore the sun, are both much older than they 
had supposed, so much older that the Helm- 
holtz contraction theory cannot account for 
enough heat. It has been at least 1500 mil- 
lion years since the earliest rocks of the earth 
began to form, and at least 500 million years 
since low forms of life began to exist on 
earth. During this long period the sun must 
have been giving out approximately the 
amount it radiates at present, for living or- 
ganisms cannot exist and reproduce them- 
selves far outside of the temperature range 
of from 60® below zero Fahrenheit to 140® 
above, a difference of only 200 degrees. Since 
the temperature of the sun, even in its ex- 
terior layers, is approximately 10,000®, a 
very slight percentage variation in its tem- 
perature would throw the temperature of the 
surface of the earth outside the limits within 
which life can exist. 

Eadioactivity, the very phenomenon that 
indicated most clearly the great age of the 
earth, seemed for a time to offer a suggestion 
as to a possible source of its heat. But 
further consideration showed that, although 
the elements that are radioactive, such as 
uranium and radium, do give off heat con- 
stantly and uranium would continue to do so 
for a sufficient length of time, the sun would 
need to be made entirely of it in order to 


account for the sun’s rapid rate of radiation. 
The spectroscope shows, however, that the 
sun is composed of hydrogen, helium, calcium 
and many other lighter elements in great 
abundance. Consequently it is necessary to 
conclude that the continuing supply of the 
sun’s heat is not derived from uranium or 
radium. 

Ill 

At about the beginning of this century 
scientists began to explore the interior of the 
atom itself. They found it to consist of a 
nucleus around which revolve lighter par- 
ticles which they named ‘^electrons.” The 
electrons of the atoms of all substances are 
alike, whether of hydrogen, carbon, iron, 
gold, or any other element, but the number 
of electrons and their distributions vary 
from the atoms of one element to those of 
another. 

The nucleus is the most important part of 
the atom, for it can lose several or even all 
of its electrons (become ionized) and still be 
an atom of the same element. Presently, 
however, it will capture its normal number 
of electrons and return to its un-ionized state. 
But if the nucleus, the part that gives the 
atom nearly all of its weight, loses or gains 
something, it becomes a different element. It 
is the nucleus in radioactive elements that 
spontaneously, though slowly, breaks up, 
sometimes in successive steps. For example, 
out of uranium atoms there emerges, step by 
step, a series of lighter atoms — ^radium, lead, 
and helium. 

The nucleus of an atom is composed of two 
kinds of particles — ^protons and neutrons. 
One proton forms the whole of the nucleus 
of a hydrogen atom. To say that a proton 
is the nucleus of a hydrogen atom is sufficient 
definition of it. It therefore weighs almost 
the same as an atom of hydrogen, for there 
is nothing else m an atom of hydrogen except 
one electron, and protons are about 1840 
times as heavy as electrons. 

The nuclei of other atoms are made up of 
several protons and about an equal number 
of particles called neutrons,” almost equal 
in weight (mass) to a proton, but neutral 
electrically; hence the name mutrm. Pro- 
tons are charged with positive electricity, and 
electrons have an equal charge of negative 
electricity. Normally there are as many elec- 
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trons as protons. TMs results in the atom as 
a whole being neutral except when it has lost 
one or more electrons. 

Protons and neutrons are held together in 
the nucleus with a force that may be com- 
pared with that which holds atoms together 
in a chemical compound, but the force unit- 
ing the protons and neutrons in an atom is 
vastly greater than that uniting the atoms of 
a molecule. Therefore the nucleus is much 
harder to break up than a compound. Even 
the most strongly held compounds can be 
broken into atoms by sufficient heat, but it 
has not been possible to produce a tempera- 
ture high enough to break up the nuclei of 
atoms. However, in the sun, deep down 
toward its center, where, according to Ed- 
dington’s theory, the temperature must be 
near 40,000,000 degrees Fahrenheit, the 
energy of motion of the moving particles is 
sufficient to break up other particles which 
they strike. The speed of atoms at such tem- 
peratures is around 500 miles a second, a 
velocity at which their Mnetie energy is suffi- 
cient to break apart protons and neutrons of 
several of the lighter atoms, permitting them 
to rearrange themselves in a different way, 
that is, to form different atoms. 

Thus at the center of the sun, elements are 
changed into other elements, a thing that the 
ancient alchemists tried in vain to do, and 
that chemists could not do untU the year 
1919 when Lord Rutherford succeeded in 
changing a few atoms of nitrogen into atoms 
of oxygen. He and other scientists who have 
transformed atoms have used electrical and 
electromagnetic means of giving to the bom- 
barding particles the necessary high veloci- 
4i^ In the laboratory, velocities many 
tiffin as great as those caused by the high 
temperatures withm the sxin and stars can 
be produced, but the experimenter can work 
wift only a small number of atoms, while in 
tike son practically all' the particles have high 
^ugh velocity to give them high energies. 
In lie eydotron (the atom sma^ing machine 
, ^ E. 0. Lawrence) only one-tenth of a milli- 
of protons pai^es throi^h the machine 
I ,ii| a win*. 
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experiments and well-established theory, that 
the five elements — ^hydrogen, helium, carbon, 
nitrogen, and oxygen — are capable, under 
conditions existing in the sun, of furnishing 
all the heat the snn gives off. He explains 
an interesting series of atomic changes among 
these elements that are possible under the 
influence of the intense bombardment of one 
atom by another caused hy the temperature 
of 40,000,000 degrees. He can calculate how 
much heat is liberated by these changes from 
one atom to another. The final result of the 
various steps in changing from one element 
to another is that hydrogen is gradually used 
up and helium is gradually produced. Pour 
atoms of hydrogen are built up by an in- 
direct process into one atom of helium, an 
atomic change that liberates immense quanti- 
ties of heat. The net result of the change 
from hydrogen into helium is that 19,000,000 
times as much heat is produced as would be 
liberated by burning an amount of coal equal 
in weight to the weight of the hydrogen used 
in the process. 

The step-by-step changes, known as the 
carbon cycle, by which the hydrogen becomes 
transformed into helium are, briefly, as fol- 
lows : 

(1) The nucleus of a hydrogen atom col- 
lides with the nucleus of a carbon atom and 
becomes absorbed in it, changing it to the 
nucleus of an unusual form of nitrogen (an 
isotope). Written in S3nnbols the action that 
takes place is shown thus: 

The figures attached to the letters as ex- 
ponents indicate the number of protons and 
neutrons in the atom, and therefore the ap- 
proximate atomic weight. (Fourteen is the 
number of protons in the usual kiud of nitro- 
gen.) The Greek letter gamma means that a 
gamma ray (one of very short wavelength) 
is given off in the process. 

(2) The nucleus produced by the 
above action is a short-lived radioactive ele- 
ment and quickly gives off an electron, which 
changes it into a carbon nucleus, the isotope 
C with only 13 protons and neutrons : 

The Greek letter epsilon indicates an elec- 
tron, and the plus sign shows that it is the 
very unusual variely of dectron that is posi- 
tivdy chained* 
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(3) This carbon atom, though not of the 
ordinary kind, is a stable element and lasts 
until it is hit by a hydrogen nucleus. Then 
it absorbs the H atom and becomes a nucleus 
of the ordinary nitrogen atom and gives off a 
second gamma ray, according to the formula : 

(4) This newly made atom of nitrogen is 
struck by another hydrogen nucleus which 
it at once absorbs to make an atom of an iso- 
tope of oxygen. The surplus energy is given 
off as another gamma ray with the following 
result : 

(5) The above isotope of oxygen 0^® is so 
unstable that it lasts but two minutes, on the 
average, when it gives off another positive 
electron and changes into an atom of nitro- 
gen, the stable isotope as follows : 

(6) Though stable this atom of nitrogen 
is broken up by being struck by another pro- 
ton (hydrogen nucleus). This time the pro- 
ton is not simply absorbed but the 15 parts, 
protons and neutrons, of the nitrogen nu- 
cleus, and the one proton of hydrogen fall 
together in the form of two nuclei, those of 
the ordinary carbon atom and of the helium 
atom: 

N^® + ff = C^4-He^ 

This ends the series because helium is an 
atom so firmly held together that it success- 
fully resists all the bombardment that is 
brought against it by the flying protons, even 
at a temperature of 40,000,000°. 

The hydrogen that has taken part in this 
series of changes has disappeared as such, but 
has reappeared in the form of helium. Four 
atoms of hydrogen have united (indirectly) 
to form one atom of helium. The only other 
atoms which have taken any part have been 
carbon and the atoms of nitrogen and oxygen 
into which the carbon has been transformed 
during the changes. These atoms of nitrogen 
and oxygen change back into the original 
carbon atom at last, so that the final result 
is just as much carbon as at the beginning, 
and one new element, helium. The only 
thing destroyed is hydrogen, and the only 
thing made that lasted is helium. 

The significant change that concerns us is 
that the helium made from the hydrogen 
weighs less iJmn the hydrogen did. This dif- 


ference in amount of matter that does not re- 
appear in the form of an equal amount of 
some other kind of matter must still exist as 
energy. 

Before we can know how much energy has 
been liberated in these changes we must know 
how much of a loss of matter there has been. 
The four atoms of hydrogen from which 
the one atom of helium was made weighed 
4.03252 ^‘mass units”; the helium resulting 
weighs only 4.00386. The difference, which 
is seven tenths of one percent of the original 
mass, shows how much matter has been 
changed into energy. 

Science owes to Einstein the discovery of 
an equation expressing the relationship be- 
tween matter and energy. It is a part of his 
theory of relativity. By substituting the 
value of the lost mass (weight) in the follow- 
ing equation the energy equal to the mass can 
be computed: 

E = mxc^ 

where E is energy (in ergs), m is the mass 
lost (in grams), and c is the velocity of light 
in centimeters per second (3x10^®). Inci- 
dentally, the equation would be true even i£ 
mass in pounds or any other unit were used, 
and velocity in miles per second, but this 
would give energy in a different unit. 

The net result of the carbon cycle is that 
four atoms of hydrogen, atomic weight 
1.00813 each, are changed to one atom of 
helium, atomic weight 4.00386. Therefore, 
for every gram of hydrogen so changed there 
has been a loss in weight of 0.007165 gram 
of matter. This mass substituted in the 
energy-mass equation shows that (after ergs 
have been changed to calories) 15.4x10^® 
calories have been produced. Only 1/140 
of a gram of mass is lost in changing a gram 
of hydrogen into helium, and therefore only 
1/140 as much energy is produced as would 
be produced if protons could destroy elec- 
trons, as formerly was thought probable. 

V 

The number of calories of heat sent out 
from the sun can be computed from the 
known amount falling on the earth (nearly 
2 calories a minute on each square centimeter 
of cross-section at right angles to its rays). 
The result comes out 9 x 1(F® calories per ^ 5 - 
ond as the total radiation from the sun. By 
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way of illustration, tMs is enougli heat to 
melt a mass of ice equal in mass to the whole 
earth, to bring it to the boiling point, and to 
boil it all away in only thirteen and a quarter 
hours, provided only that all the heat could 
be concentrated upon the ice and be absorbed 
by it. 

To furnish such a stupendous amount of 
heat as the sun radiates, a great deal of its 
own substance must be used up by converting 
it into energy. This loss in weight that the 
sun must suffer in order to furnish as much 
heat as it radiates is 4,700,000 tons every 
second. 

It would appear at first thought that the 
sun would soon exhaust its resources and 
even that there should be nothing left of it, 
or at least of its supply of hydrogen, the 
part destroyed in the carbon cycle process. 
But the sun^s mass is so tremendous (332,000 
times that of the earth) and the heat equiva- 
lent of mass is so great that only one percent 


of the sun would be used up in producing 
heat for a billion years. From spectroscopic 
observations it appears that about one-third 
of the sun’s mass is hydrogen, or enough to 
continue the carbon cycle and the radiation 
of the sun at its present rate for over 30 bil- 
lion years more 1 

What has been said of the evolution of 
energy that maintains the sun’s radiation can 
be applied equally to the stars, or at least to 
those that are most like the sun. There is 
a class of stars called red giants that are 
thought to be too cool at their centers to carry 
on the carbon cycle of changes. The source 
of their heat has not yet been explained, but 
stars belonging to what is called the ^‘main 
sequence,’' although quite different in exter- 
nal temperatures, are supposed to be hot 
enough within so that the violent agitations 
of their atoms break up their nuclei, as in 
the sun, and provide the vast energies which 
they radiate. 
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NEW LIGHT ON STELLAR SYSTEMS 

Dr. Edwin Hubble, of the Mount Wilson 
Observatory, has announced a conclusion re- 
specting exterior galaxies of stars that an- 
swers a question that has long been asked, 
and that lays the foundation for investi- 
gating the origin and evolution of these 
great stellar systems. 

In the nineteenth century astronomers 
made enormous progress toward the solution 
of two problems that previously had been 
regarded as forever beyond the reach of sci- 
ence. They went far toward determining 
with the spectroscope the chemical composi- 
tion of the sun ; and they measured approxi- 
mately the dimensions of the Milky Way sys- 
tem of stars. Our Milky Way system, or 
galaxy, is composed of possibly one hundred 
billions of stars, many of which are similar 
to the sun, some of which are much larger 
and brighter and some of which are smaller 
and fainter. In shape, it is disc-like with a 
diameter from rim to rim of approximately 
the distance light travels in one hundred 
thousand years and with a thickness about 
one-seventh as great. The dimensions of the 
galaxy are not very well defined because it 
has no definite surface. 

As astonishing as were the facts about our 
galaxy when they were first established, they 
were only the prelude to the discovery of 
others incomparably more amazing. Astron- 
omers had long noticed small, faint patches 
of light in the night sky that they assumed 
were drifting wisps of nebulous matter, stray 
fragments of world-stuff that were left be- 
hind in the formation of the stars. Near the 
close of the past century, James E. Keeler, 
of the Lick Observatory, found with a new 
photographic telescope that these fragments 
of primordial matter, as they were assumed 
to be, are veiy much more numerous than 
had been supposed. Presently many of them 
were observed to be spiral structures hav- 
ing fairly well defined central masses from 
which two arms coiled spirally outward. 
Their large numbers and peculiar structures 
aroused curiosity and stimulated astrono- 
mers to investigate them. 

For twenty years the spiral nebulae, as 


they were called, were studied at the Mount 
Wilson, Lowell, and Lick observatories, and 
at other great observatories throughout the 
world, before their true nature began to be 
clearly understood. The idea that they are 
littie clouds of nebulous matter, wandering 
among the stars, was so firmly fibsed in the 
minds of astronomers that it was only with 
difficulty that they could come to realize that 
the spiral nebulae are not small masses in 
our galaxy, but systems similar to our own 
and far beyond its boundaries. 

Once the earth was thought to be the 
major part of the physical universe, then it 
was the sun, and later our Milky Way Sys- 
tem of stars. At each stage the limits of the 
imagination appeared to be reached. Only 
a generation ago this ultimate limit appeared 
to be our galaxy — a system of billions of soli- 
tary suns like our own, of uncounted num- 
bers of doubles, triples and higher multiples, 
of great, loose swarms in fiight together 
through the immensity of space, of dense 
globular systems consisting of hundreds of 
thousands of stars! Then the apparently 
little, faint nebulous wisps -of primitive 
world-stuff, m a few years not long ago, were 
proved to be great galaxies, in a general way 
somewhat similar to our own. 

How far away in space are the exterior 
galaxies and how many of them are known? 
There are only about a dozen so near that 
their light comes to us in less than a million 
years. The remainder are much more dis- 
tant, existing telescopes and photographic 
plates being able to record the larger ones 
at a distance of at least one hundred million 
light-years. Within this vast neighborhood 
of our own stellar system there are probably 
as many as a million other galaxies. 

Among the interesting questions that nat- 
urally arise is that of whether the galaxies 
are uniformly distributed through the space 
that has been explored. A few years ago 
Dr. Harlow Shapley, Director of the Har- 
vard College Observatory, found umnistak- 
able evidence that many of the known galax- 
ies are grouped into clusters of galaxies, or 
supergalaxies, eonsasting of a dozen or two 
to more than a hundred galaxies. In fact, 
158 
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our ovm galaxy appears to belong to a small 
group that may be part of a large, loose 
cloud of galaxies. 

Galaxies are clearly dynamical systems. 
The spirals maintain their particular shapes 
because of the motions of their parts, just 
as the planets do not fall into the sun be- 
cause of their orbital motions. The two arms 
of the spiral galaxies coiling outward from 
opposite sides of their nuclei should give a 
clue to what interior forces are in operation 
and what motions are taking place. Clearly 
under the laws of motion and the law of 
gravitation, matter cannot move along the 
arms of spirals, either inward or outward. 
Apparently the only reasonable conclusion is 
that the spirals are rotating in their plane, 
perhaps gradually contracting or expanding. 
The question of dynamical importance that 
promises to throw light ultimately on their 
origin and jSnal end is whether they are 
rotating in the direction of the convex sides 
of their spiral arms so that they will be con- 
tinually more and more tightly wound, or 
whether they are rotating in the opposite 
direction toward the concave sides of their 
arms so that they will gradually become un- 
wound and be scattered in space. 

It is easy to ask such a question, but very 
difficult to find the answer. Spiral galaxies 
are on such a vast scale and their interior 
motions are so slow that no perceptible 
change can be expected in their appearance 
in many thousands of years. But by in- 
genious, somewhat indirect methods V. M. 
Slipher, of the Lowell Observatory, a num- 
ber of years ago inferred that spiral galaxies 
rotate in such a direction that their arms 
continuaily become more and more tightly 
coiled. This is the conclusion that Dr. Hub- 
ble has just substantiated by more conclu- 
sive evidence in the case of each of fifteen 
spirals with no exception. 

What the consequences of this conclusion 
will be cannot be predicted at present. 
Whatever they may be, they will apply to 
our own Milky Way System of a hundred 
billion suns. In the light of what has been 
learned from exterior spiral galaxi^ it has 
be^ found that the Milky Way System is 
itself a spiral, although from our location 
&r in itss interior we cannot determine in 
wliSeh its spiral arms eoiL It has 


been found, however, that at our distance 
from its center the period of its rotation is 
of the order of one or two hundred million 
years. Astronomers are now face to face 
with the problem of determining the nature 
of its dynamical evolution during billions of 
years. 

As always, after excursions afar we under- 
stand things better at home ; as always, after 
shrinking before the vastness of the universe 
about us, we rise above our low-vaulted past. 

F.KM. 

DDT, A NEW INSECTICIDE 

In the newspapers of January 2, 1944, 
there appeared an item on a new ingredient 
of a powder adopted by the Army as one 
means of protecting soldiers against the an- 
noying attack of body lice and the diseases 
that may be transmitted by them. Only the 
background of this development can be given 
here; after the war the full story may be 
told. 

The chemical control or poisoning of in- 
sect pests first attracted public attention 
after the Civil War, when it was shown that 
the potato bug (Colorado potato beetle) need 
not be picked off potato plants by farm chil- 
dren but could be more completely and easily 
controlled by dusting the plants with an 
arsenical pigment, called Paris green. To 
be sure, the beetle and their pink grubs or 
larvae would have to eat a little of the potato 
foliage in order to ingest the poison coating 
the leaves, but the leaf tissue so lost was 
insignificant compared with the total defoli- 
ation of plants that often occurred when the 
beetle was allowed to feed without hindrance. 
The successful application of Paris green led 
to a search for other arsenical compounds 
that would be just as effective for killing 
plant-eating insects, but less likely to burn 
tender foliage. So Paris green was largely 
superseded by lead arsenate for caterpillars 
and by calcium arsenate for beetles, com- 
pounds that are still important ammunition 
in our fight against insects. The latest and 
most promising arsenical insecticide is basic 
copper arsenate. During the 1930 ^s inor- 
ganic fluorine compounds rose to a well es- 
tablished position among stomach insecti- 
cides (substances that kill only those insects 
capable of swaUowing them with their food). 
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Now cryolitej a natural fluorine-containing 
mineral from Greenland, stands ready to fill 
any gaps in our defenses that may result 
from shortage of arsenical insecticides, and 
it has preferred uses also. 

The insects that suck plant juices by in- 
serting their beaks into plant tissues or those 
that similarly suck animal blood cannot be 
killed by covering the surface of the plant 
or animal with a stomach insecticide because 
the insecticide does not enter the fluid im- 
bibed by the insects. Such insects may be 
killed by contact insecticides ; that is, by sub- 
stances toxic to the insects upon contact with 
the surface of their bodies. One of the first 
contact insecticides was an extract of tobacco, 
now used in the form of solutions of the 
active ingredient, nicotine or a salt of nico- 
tine. Kerosene emulsions and lime-sulfur 
solutions become popular for scale insect 
control. In more recent years the ground 
flower heads of pyrethrum (a kind of daisy) 
and the ground roots of tropical woody 
plants called derris, cube, or timbo, or ex- 
tracts of them containing their active in- 
gredients, have been employed as contact 
insecticides. They are highly desirable be- 
cause, unlike inorganic insecticides, they are 
practically harmless to man, animals, and 
plants. 

The rise of the latter plant insecticides in 
the 20 ’s and 30 ’s followed closely upon the 
successful work of organic chemists in iso- 
lating, identifying, and determining the 
structural formulae of their active ingred- 
ients. It was hoped that these toxic com- 
pounds could be synthesized commercially, 
thus making their production independent 
of foreign agricultural sources. Although 
that hope could not be realized, the chemical 
work done stimulated the synthetic prepara- 
tion of both known and previously unknown 
organic compounds for laboratory testing as 
stomach and contact insecticides. Not only 
tax-supported laboratories but also the re- 
search laboratories of the great chemical in- 
dustries set to work to synthesize compounds 
that might be useful as insecticides. More- 
over, surveys were made of the insecticidal 
potentialities of organic compounds that had 
been prepared or were being manufactured 
for other purpose. 

Although many of these synthetic organic 


compounds were found to be highly toxic to 
insects, most of them were discarded for 
various reasons : they injured plants or man 
and animals, they were too expensive, or they 
did not stand up under conditions of prac- 
tical use. 

At the present time entomologists cannot 
point to a single thoroughly successful syn- 
thetic organic stomach insecticide. But 
gradually it became apparent that stomach 
insecticides are not necessary for controlling 
all insects that bite off and swallow their 
food. In fact they, as well as sucking insects, 
may be killed by contact insecticides, not 
only by spraying or dusting the insects them- 
selves, but by coating surfaces upon which 
the insects move and thereby killing them by 
crawling contact with the insecticide. 

Fortunately the search for synthetic or- 
ganic contact insecticides has been more pro- 
ductive than that for similar stomach insecti- 
cides. Certain organic compounds charac- 
terized by long straight chains of atoms 
linked to a sulfur, carbon, and nitrogen 
group (thiocyanates) have been and are 
widely used contact insecticides. Other com- 
pounds of different structure have given re- 
sults of such promise that the hope of finding 
better compounds has never waned and the 
search goes on. 

Before the United States entered the war 
our insecticide laboratories were well 
equipped to make and test promptly almost 
any organic compound. The work was go- 
ing ahead so rapidly that it seemed that 
nothing of potential value could be over- 
looked. Yet in the fall of 1942 a Swiss com- 
pany through its United States subsidiary 
called the attention of the United States 
Department of Agriculture to an organic 
contact insecticide that was said to have been 
used effectively in Switzerland. The chem- 
ists of the Bureau of Entomology and Plant 
Quarantine identified it as dichlorodiphenyl- 
trichloroethane, which could be made from 
chlorobenzene and chloral hydrate (knock- 
out drops) . Later it was given the nickname 
DDT, the initial letters of parts of the long 
chemical name. This crystalline organic 
compound was sent to the testing labora- 
tories of the Bureau and to the Crop Pro- 
tection Institute. Astounding reports came 
back of its long-lasting effectiveness ^painst 
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both, insects affecting man and animals and 
those attacking crops. And it did not seem 
to hurt the plants or animals that were pro- 
tected by it, nor man who used it 1 The 
Army wanted it in large quantities for louse 
powder. Consequently every manufacturer 
of insecticides quickly became aware of it 
and research on its potentialities is proceed- 
ing furiously in all quarters. That it will 
solve all problems of chemical control of in- 
sects is to be doubted, but it seems safe to say 
that an insecticide star has been born. 

F.L.C. 

ANTIQUITY OF MAN IN AUSTRALIA 
Interest in the problem of the antiquity of 
man in Australia has been stimulated by the 
finding of two fossil human skulls and other 
bones at a depth of nineteen feet in the side 
of a sand pit near the village of Keilor, ten 
miles northwest of Melbourne. One skull is 
practically complete, although its lower jaw 
is missing, while the other is represented by 
five fragments, A quartzite flake, evidently 
a crude implement, was found embedded 
close to the place where the intact skull was 
unearthed. Because of present wartime con- 
ditions it has not been possible to conduct 
systematic excavations at the site, in an 
effort to obtain additional bones, teeth, and 
artifacts, but studies have been made of the 
anatomical characteristics of the skull and 
of the geology of the location where it was 
found. From the skull comes evidence bear- 
ing on the nature of the early Australians, 
and from the geologic investigations an indi- 
cation of the time when the individual and 
his companion were living there. 

As is the ease in the New World, there 
have not been many finds in Australia that 
could be considered indisputable evidence 
for early occupancy or that shed much light 
on the physical makeup of the people. A 
broad outline of developments in the area 
has been made, however, on the basis of the 
racial feature of the later aborigines and 
the mardfestations of such of the archeolog- 
ical and paleontological discoveries as ap- 
pe^n^ed to be authentie. 

When -016 first Europeans arrived, two 
l^pes of people were pr^ent in the region. 
One was omfined to the Australian main- 
land and the other to Tasmania. BoUi have 


been considered as representing the oldest 
types of the human race persisting into 
modern times. The Tasmanians became ex- 
tinct in the latter part of the 19th century, 
although a few mixed-blood descendants are 
believed to survive in a few places. They 
differed from the Australians in appearance 
and in having a lower cultural level and 
generally are considered to have been a 
primitive Negroid people. 

There are several schools of thought con- 
cerning the relationship between the Tas- 
manians and the Australians. One holds 
that both stemmed from the same basic stock 
and that such diBEerenees as were apparent 
were the result of isolation on the part of 
the Tasmanians and the fact that they de- 
veloped certain variations peculiar to them 
during the long interval when they were 
separated from those inhabiting the main- 
land. Another viewpoint is that the aborig- 
inal Australians were bi-racial in origin, 
that they were the result of a mixture of 
peoples related to the Dravidians, who came 
into the region as a part of the first wave 
of the great pre-Dravidian migration which 
spread from the Mediterranean across India 
into Ceylon and on to the Malayan region, 
and the Negroid peoples already occupying 
the continent. Both groups are believed to 
have journeyed from the Malay Peninsula 
to Sumatra, Java, and New Guinea, and 
thence into Australia. Others have argued 
that the Australians and Tasmanians were 
distinct and that the latter traveled to Tas- 
mania by sea from New Caledonia, skirting 
the eastern shores of the continent. Con- 
sensus now tends to the theory of the early 
wave of Negroid peoples crossing into Aus- 
tralia from New Guinea and spreading 
thinly over the eastern part of the mainland. 
Later the incoming Australoids forced some 
of them south and west and into Tasmania, 
the crossing being made either by means of 
a then existant land bridge or by canoe over 
a much narrower strip of water than the 
present Bass Strait. Those remaining in 
Australia were absorbed by the newcomers, 
thus produciug the intermixture responsible 
for the characteristic Australian aborigine. 
This bi-raeial origiu is, of course, regarded 
as beiug independent of and long antecedent 
to the admixture with Papuan and possible 
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Malayan migrants coming in from tlie north 
and northeast in recent times. The Austra- 
loids did not cross over to Tasmania until 
modern times and then only in small 
numbers. 

Support for the bi-racial origin theory is 
believed to be offered by the Keiior skull 
which combines Australoid and Tasmanoid 
characteristics in about equal proportions. 
The cranium, which is that of a middle-aged 
male, is larger than the average for the males 
of several Oceanic races and in the form of 
its contour is considered as quite similar to 
the characteristic South Australian male. 
In many respects it may be regarded as rep- 
resenting an older form of the typical Aus- 
tralian, a feature which is consistent with 
the geological evidence indicating some an- 
tiquity. 

Coupled with the twofold human migra- 
tion to Australia is the interesting probabil- 
ity that the dingo, the dog that long was 
considered a distinct species peculiar to that 
continent but later demonstrated merely to 
be a variety of the domesticated dog, was in- 
troduced by the Australoids. The Tasman- 
oids had no dog and no traces of the dingo 
have been found in Tasmania. 

One phase of the general problem natu- 
rally concerns the time when these events 
took place. The answer depends on the solu- 
tion of additional problems in turn befraught 
with numerous difiSculties. Inasmuch as 
some antiquity is indicated, Pleistocene phe- 
nomena are involved and in Australia there 
has as yet been no widespread correlation 
between glacial deposits, river terraces, sand 
dunes, alluvial deposits, raised beaches, and 
submerged strandlines. The order in which 
extinct mas^pials died out is not known 
and some of those that have disappeared 
from the continent stiU survive in Tasmania. 
As a consequence such fossil remains give 
little aid in dating the deposits where they 
are found. 

Several glacial phases of the Pleistocene 
have been established for Tasmania and 
Australia, however, and with them as a basis 
the investigators of the terrace where the 
Keiior skulls were found have reached the 
conclusion that it was formed during the 
Ei^-Wurm or Third Intei^laeial phase. In- 


asmuch as the bones occurred beneath undis- 
turbed strata in the terrace and everything 
pointed to contemporaneity, Keiior man is 
judged to be of that age. The actual number 
of years involved is a question governed by 
the chronology used. On the basis of MUan- 
kovitch^s Solar Eadiation Curve it might 
have been as long as 143,000 years ago, while 
judged by some of the tables currently 
favored by European prehistorians the figure 
would be much more conservative and range 
from 40,000 to 50,000 years. Culturally the 
level would approximate that of the Lower 
Mousterian which, in view of the fact that 
in Europe that was the period of Neander- 
thal man, might appear to be a little too 
early. Having preceded the Australoids into 
the area, the Tasmanians would be somewhat 
earlier. How much older they were is still a 
matter for conjecture. 

Other indications of relatively early occu- 
pancy are present in the form of stone arti- 
facts occurring in deposits that obviously are 
of some antiquity. Perhaps the most impor- 
tant of these are the so-called Mymiong im- 
plements, crude scraping and chopping tools, 
found in a gravelly-clay underljdng a vol- 
canic lava flow. The stratum in which they 
were embedded has been identified as belong- 
ing to the Pleistocene, although the particu- 
lar phase seems not to have been identified. 
At all events this evidence, together with that 
of the Keiior finds, suggests that it is reason- 
ably certain that Australia was occupied by 
man during the Pleistocene period at a stage 
comparable to that of the Old Stone Age in 
Europe. 

An interesting survey of this problem in 
which various finds are discussed and con- 
siderable attention is given to geologic and 
other ramifications of the subject has been 
prepared by Director D. J. Mahony of the 
National Museum of Victoria and it, together 
with articles on the anatomical features of 
the Keiior skull and the geology of the site 
where it was found, was published in the 
Memoirs of the National Museum, No. 13, at 
Melbourne in September, 1943. An exten- 
sive bibliography is included for the benefit 
of those desirous of delving into the subject 
more deeply, 

Pbank H. H. Edbeekps^ JFr. 
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CIRE PERDUE 

Wartime technology has revived and re- 
created for the production of the smaller 
tools of industrialized v^arfare, the ancient 
process of wax casting. This method, known 
as the cire perdue, or 'dost wax process/' is 
so called because the wax is "lost" in the 
process of heating, not because, as is mistak- 
enly thought, it was a temporarily forgotten 
technique. It was the means by which were 
produced some of the world's greatest works 
of art dating hack into historically remote 
ages. Three thousand years ago the Chinese 
were casting, presumably by this method, 
magnificent bronze vessels of such quality 
that even now, in this age of the machine and 
metallurgy, they are regarded as unsur- 
passed technical achievements. 

Before the outbreak of this war the process 
was used in the field of art by the sculptor 
to cast his statuary and in industry by the 
jewelry and dental trades to manufacture 
small objects on a mass production basis. 

With the war came a great need for 
machine parts and soon the facilities for 
hand forging and machining were seriously 
overtaxed. As a result, experiments were 
made with precision force easting as em- 
ployed in making small jewelry and dental 
instruments. It was soon discovered that 
various methods of wax casting could not 
only reheve the serious situation by provid- 
ing small precision parts hut could also con- 
serve critical raw materials, manpower, and 
production costs. After a year and a half, 
according to J. D. Wolf {Metals and Alloys, 
Oct., 1943), it is now "estimated that cur- 
rent production facilities within the jewelry 
industry alone, are adequate for the produc- 
tion of 100,000 small parts weekly on a sub- 
contracting basis." 

Briefly, the process involves the following. 
First a model is made in wax or plastic that 
can he melted or vaporized away. Then it is 
enca^ in moistened piaster, the plaster is 
dehydrated, and the wax is melted out in a 
furnace. This leaves a hollow in the hard- 
ened piaster, called an investment, which 
then is filled with metal through centrifugal, 
pressure, or vacuum methods devised to in- 
sure the flow of the molten metal into the 
extreme comers of the shape. The metal- 
ffled mold is removed, cooled, and then the 


plaster is broken off or dissolved by water 
spray. The gate, which was the channel 
through which the metal was poured, is re- 
moved from the finished casting. Little or 
no tooling has been found necessary to re- 
move irregularities. The larger the size the 
more difficult it is to obtain true dimensions 
by this method, but the most intricate small 
objects may be fashioned to an accuracy of 
a few thousandths of an inch. 

Certain pitfalls must be carefully guarded 
against. Allowances are required for shrink- 
age, changes in shape and surface, and 
against occlusion of gas bubbles. The metal 
shrinks while cooling and in consequence the 
layout must be such that freezing shall first 
occur at the outer extremities of the pattern, 
and last at the gate in order that a surplus 
of molten metal may remain at the gate to 
the very end of the process and be sucked 
inward to replace the lost volume. 

The disasters arising from a faulty tech- 
nique are eloquently described by Benvenuto 
Cellini, 16th century master sculptor of 
Florence. Celliai, who gave a renascence to 
bronze sculpture by greatly developing the 
cire perdue method, had the heartbreaking 
experience, while casting his Perseus, of 
seeing the bronze "curdle" or solidify until, 
by dint of quick-sighted ingenuity, he caused 
the curdled mass to liquefy and "brought the 
dead to life again." 

Wax easting is particularly suitable as a 
process for fashioning those non-ferrous 
metals and highly alloyed steels, many of 
which are extremely difficult to forge or 
machine, that are being used in the war for 
their strength and non-corrosive qualities. 
Examples of such small precision parts pro- 
duced by this technique were recently dis- 
played at the Washington headquarters of 
the War Production Board in an exhibition 
showing conservation of critical materials. 

This wax casting method of part produc- 
tion as developed to meet the needs of indus- 
try at war may be regarded as having even 
greater potential use in the peaceful future, 
both in industry, where small parts can be 
produced for post-war machinery and gad- 
gets, and in the arts, where there are no 
r^trictions on size since millimeter accuracy 
is usually no concern of the artist. 


M. D. 



BOOK REVIEWS 


INDUSTRIAL HYGIENE* 

There is always room for improvement. 
There also is always need for improvement. 
In the leisurely days of peace and plenty the 
need is too often ignored or forgotten. It is 
in times of stress and emergency that great 
advances are made; the force of urgent 
necessity overcomes inertia and complacency. 
Our knowledge regarding industrial hygiene 
and industrial preventive medicine has far 
outstripped its application in many places. 
Though the larger corporations have splen- 
didly organized the most effective industrial 
health services for their workers, the smaller 
plants have lagged far behind. Now these 
smaller plants, many thousand strong, are 
no longer small. Grown immense almost 
overnight, they have neither the trained per- 
sonnel nor the experience to develop proper 
industrial hygiene services. The vastly ac- 
celerated tempo of wartime production 
makes their need for such services impera- 
tive. 

There are not enough physicians and engi- 
neers trained in industrial health and safety 
problems to go around. Many formerly 
active in these fields are now in the armed 
forces. The many newcomers need to learn 
rapidly. For these and others newly con- 
cerned with industrial health, the Committee 
on Industrial Medicine, Division of Medical 
Sciences of the National Kesearch Council, 
recommended that the Division of Industrial 
Hygiene of the National Institute of Health 
prepare a text briefly summarizing the ac- 
cepted practices of industrial hygiene. This 
book is now available. It ably fills the need 
for a basic text for those trying to leam 
industrial health procedures. 

Industrial production for war differs in 
several significant respects from production 
in peace. Speed and extreme accuracy are 
paramount. Thus the workers labor under 
sharper stresses and responsibilities. Anxie- 
ties and tensions beset us all and contribute 
to fatigue. Many new employees are un- 
trained and green to factory practices. 

* 0 / Industrial Mfgime and Medvsdl 8er- 

mae in War Industries. Edited by William M- 
Gafaf^. rnmtmrn. xi + 508 pp. 1943. $3.00. 
W. B. Saunders Company. 


Workers are recruited from population 
groups heretofore unexposed to industrial 
employment ; many women, youths, and 
handicapped persons are now for the first 
time members of production-line teams. 
Hundreds of thousands of older workers, 
discarded by industry years ago as ^Hoo old 
to work” are now back on the job and labor- 
ing mightily and effectively. With every 
man-hour of work vitally important in speed- 
ing production of military materiel, the con- 
servation of the health, and therefore work 
efficiency, of each and every worker is essen- 
tial to victory. All these factors sharpen the 
problems and augment the responsibility of 
those concerned with industrial health. It 
is no longer a question of saving compensa- 
tion costs (unfortunately this was the orig- 
inal motivation of industry in creating in- 
dustrial health services) but a problem of 
conserving the greatest of our national re- 
sources; the work of men and women. 

A manual is not intended to be an ex- 
haustively comprehensive work. But, as a 
result of careful and inspired editing, this 
manual of industrial hygiene is extraordi- 
narily comprehensive. The delicate task of 
selecting material has been handled with rare 
skill by the editor, William M. Gafafer. The 
only major lack is the omission of a tabula- 
tion of health hazards in relation to occupa- 
tion. The hazards from dusts, fumes, gases, 
irritating or toxic chemicals, and changes in 
the physical environment vary with the ma- 
terials worked with and the processes in- 
volved. With the constant introduction of 
new materials and methods of processing, 
industrial health services must be constantly 
alert to anticipate such hazards. Lack of 
this knowledge is the greatest handicap en- 
countered by the physician or engineer new 
to the field of industrial health. It is hoped 
that future editions of this valuable book 
will rectify this omission. 

As in all books written by highly special- 
ized contributors, there is some spotting in 
the value of the various chapters. This, 
however, is le^ than one would expect when 
it is realized that the editor was oMSged to 
choose Ms contributors from a very limited 
169 



160 


THE SGIENTmO MONTHLY 


group. With one exception, all of the 
twenty-four chapters were written by mem- 
bers of the U. S. Public Health Service staff- 
ing the Division of Industrial Hygiene. 
Bare indeed is the organization which has 
within it the best men for each and every 
aspect of so huge a field. 

The first part of the book deals with the 
problems of organization and operation of 
facilities for industrial health maintenance. 
Included are such aspects as medical, nurs- 
ing, dental, and engineering services re- 
quired. The second part briefly covers the 
more specific problems of prevention and 
control of disease in industry. Lastly are 
presented able discussions of the problems 
presented by handicapped workers and the 
vexing question of absenteeism. Most of the 
chapters are replete with useful information 
and ideas. Less ably presented are the chap- 
ters on health education and the complex 
problems introduced by the employment of 
women. Health education by those who must 
‘^read up’^ for their information is nearly 
always fatuous and too often misleading. 
The chapter on women in industry is reminis- 
cent of a ^library thesis extensive biblio- 
graphic documentation but too theoretical to 
be convincing. 

Though there are many relatively recent 
books on industrial hygiene, this is by far 
the best brief compilation. It should be 
studied by ail those concerned with the main- 
tenance of health of the more than seven 
million workers on the war production front : 
executives, personnel directors, industrial 
physicians, nurses, hygienists, engineers, and 
even labor leaders. The printing and format 
are up to the high standards of excellency 
usual with Ihe publishers. The volume is 
strong in the essential attributes of a man- 
ual ; it is sound, concise, and selectively com- 
prehensive, Its wide circulation is sure to 
improve industrial health practices where 
improv^ent is needed most — ^in the smaller 
plants* We may hope that the advances 
made in war will not be lost with the coming 
of peace. Edwabd J. STmanm 

CL01JI>S ANB AVIATION* 

The prinmpsd feature of Dr. Humphrey's 

W, J". Hmaplireys, 

xE-i-m ]^. 194S. $3LQ0. WUlimns 


conveniently small book on Fogs, Clouds and 
Aviation is the inclusion of ninety-three half- 
tone plates of cloud formations and allied 
atmospheric phenomena. Many of these 
photographs were obtained by the author 
himself. Their value is enhanced by the very 
clear descriptive matter that not only dif- 
ferentiates one cloud formation from another 
by appearance, but explains the conditions 
under which the various cloud formations 
may take place. 

The book is based on the author’s earlier 
volume, Fogs and Clouds, which has been re- 
vised and brought up to date with the added 
emphasis brought about by the rapid ad- 
vances in aviation since the earlier volume 
was published. Whatever Dr. Humphreys 
writes will be found not only authoritative 
but entertainingly written even to the extent 
of a dash here and there of poetic imagina- 
tion. 

The book supplements the usually some- 
what inadequate treatment of clouds and 
fogs found in the more conventional text- 
books of meteorology. It should prove of 
value not only to the aviator who must be 
constantly prepared to recognize the signifi- 
cance of cloud banks and conditions to be 
encountered therein, but also to an ever 
enlarging group of general readers whose 
amateur interest in phenomena of the 
weather finds an added satisfaction in being 
able to classify the ever varying cloud 
formations of the lower atmosphere. For 
the less-initiated, the inclusion of the rarer 
phenomena such as rainbows, coronas, and 
parhelic circles adds considerable interest to 
a book that is a welcome companion to all 
who would be weather-wise. 

Haeslajst T. Stetson 

ESSAYS IN BIOLOGY* 

You know what this sort of book is likely 
to be — a potpourri of noncoherent articles 
written for the occasion from whatever mate- 
rials chance to be on hand. So I picked up 
my review copy some weeks ago with little 
enthusiasm. It is a good-looking hook, well 
printed and bound and with many fine fig- 
ures, especially the frontispiece portrait of 
Herbert Evans, Professor of Biology, Xlni- 

* in "Biology in Sonor of Serbert M, 

By Ills Bltistrated. xsi-f686 pp. 1043. 

#10.00. Umvexsity of California Pr^s. 
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versity of California, whose sixtieth birthday 
was the occasion for its preparation. And it 
has the eclat of a collector's item, beginning 
with a biography and full bibliography of 
Dr. Evans, and continuing with each of the 
forty-eight contributions set ofiE by an attrac- 
tive fly-leaf. But the contents seemed to 
confirm my worst fears, for the first five 
articles, in order, deal with : the kidney and 
hypertension, endocrines and gut absorption, 
the impact of iron on religious thought, 
adrenalectomy and salt, Purkinje on the 
bird’s egg. 

Yet I read from cover to cover, with con- 
tinuing profit and pleasure. The chaos in 
subject matter is not so great as at first 
seems ; had the Publication Committee 
chosen to place the contributions by content, 
rather than alphabetically by authors, there 
would have been, perhaps, the following 
groups; endocrines, nearly half the articles, 
and two thirds of these dealing with repro- 
duction and its hormones ; scientific history, 
nearly a fourth of the articles ; and another 
baker’s dozen that are really miscellaneous. 
Perhaps the alphabetical arrangement is 
preferable, at that; it is a rather salutary 
mental shock to pass, over one page, from a 
description of the Symballophone, a double 
stethoscope, to an analysis of Carnot’s 
thermodynamic theorems, or from the patho- 
genesis of undulant fever to the influence of 
the French Eevolution on medical education. 

Some few articles have obviously been 
tossed off as casual chores; others, such as 
the meticulous translation by Barthemez of 
Purkinje ’s tract on the bird’s egg, are labors 
of love; and a few are simple, detailed re- 
ports of a research job. The majority are 
succinct and authoritative sketches of the 
recent work in and the current status of the 
field chosen. They are less formal and more 
personal than straightforward review ar- 
ticles and are correspondingly easier read- 
ing. For the biologist who enjoys brief 
excursions to far points in his domain and is 
willing to put himself in the hands of which- 
ever guide is available, these ‘‘little jour- 
neys” will be most rewarding. A word as 
to how these guides were chosen, beyond the 
general fact of friendship with Dr, Evans, 
would have been welcome. 

The Publication Committee — Miriam E. 


Simpson, Samuel T. Farquhar, Chauncey D. 
Leake, and William R. Lyons — ^has per- 
formed a generous and worthy service, and 
Herbert M. Evans is indeed honored. 

R. W. Geeaed 

A TREASURY OF SCIENCE*** 

CoMFiuATiONS of scientific writing have 
appeared before but none as readable as this 
one. The present collection has several 
unique and valuable features. It follows a 
logical and well planned course beginning 
with some fascinatmg excerpts on the poetry 
and excitement of scientific wonder which 
act as an inspiring foreword to the harder 
tasks of presenting results of actual scientific 
inquiry. Subsequent chapters deal with the 
heavens, the earth and matter, and energy. 
These chapters form the background for the 
sections on “Life” which are followed by 
chapters on “Man,” his civilization, his 
physical structure, his mastery over disease, 
and his fragmentary insights into the work- 
ings of his own mind. 

The compilers of this volume believe ap- 
parently that it is far better to present to 
the public scientific literature written by 
qualified authors who are good writers than 
by scientists who are competent or original 
research workers. It may well be claimed 
that there is no compilation of excerpts from 
original scientific sources that can compare 
with this achievement in paiuting the pano- 
rama of science in such clear colors as 
to compose a well balanced entity which is 
informative, readable, and enjoyable. 

It must not be gathered that excerpts are 
lacking from original investigators. Such 
men as Isaac Newton, Charles Darwin, Sir 
James Jeans, Forest Ray Moulton, Sir 
Arthur Eddington, Benjamin FranMin, 
Galileo, and others are well represented by 
impressive quotations. But the vast major- 
ity of the pages of this collection is filled 
with articles from writers on science whose 
unique contribution is lucid exposition and 
organization of scientifie findings. 

It goes without saying that the personal 
eqnation of the editor entes^ into the matter 
of choosing particular selections, and that 

♦ A Treasury of Science, E^ted with aa Infao- 
daetian by Harlow Shapley with Samu^ Rapport asd 
H^en Wright xi + 716 pp* |3.95. Harper & Bros. 
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different compilers would display different 
preferences. TMs is as it should he; it 
proves as helpful in science as it is in litera- 
ture. But it is for this reason that those 
who are interested in the diffusion of scien- 
tific information should seek to find the 
possible causes for the intrinsic merit of this 
volume, as well as its rapid acceptance by 
the public. 

An outstanding feature of this collection 
is its stress upon natural history rather than 
experimental methods and procedures. 
Physiology and biochemistry are brought in 
very mildly, if at all, and such topics as res- 
piration, enzymes, vitamins, or digestion are 
virtually omitted — perhaps for the sake of 
easier reading. 

One also notes the absence of science his- 
tory. It might with justice be claimed that 
in portraying the drama of scientific con- 
quests much stands to be gained from exam- 
ples of false leads such as Tycho Brahe’s 
defense of astrology, or Paracelsus’ search 
for the spirit of digestion, or Priestley’s 
adherence to the phlogiston theory. A 
reader might enjoy knowing that science has 
its deceptive leads as well as those that prove 
workable. However, the general trend of 
scientific writing to date is to omit this his- 


torical process and it is likely that its inclu- 
sion would confuse the reader. 

It is difficult, however, to explain the ab- 
sence of any cultural anthropology in the 
section on man, especially since ample space 
is given to biological evolution and physical 
anthropology. Surely the writings of Boas, 
Lowie, Linton, or a host of others east valu- 
able light on man and his nature and in addi- 
tion constitute fascinating reading. The 
public, not only the scientists of today, is no 
doubt anxious to learn how man fashions 
and changes his institutions, the faiths he 
lives by, and how science can help to evaluate 
them. 

On the other hand. Dr. Shapley’s volume 
is so harmonious and effective and so ex- 
pressive of the attitude of the editor that 
any changes might upset its homogeneity. 
As in a work of art this book owes its charm 
and value to the unique philosophical and 
literary conceptions of its compilers. As the 
reader continues with the wealth and variety 
of material presented, the many-sided edifice 
of science grows before him in strength and 
beauty. If my guess is correct, few readers 
will fail to finish it and all will be amply 
rewarded for having succumbed to its lure. 

Maeh Graxtbaru 
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Call to Arms 

I believe that The Scientific Monthly ought to have 
a section dedicated to criticism of the writings it 
publishes. This would enhance its scientific spirit. 
— M. Martinez. 

Levitation 

I am not accustomed to the general practice of mak- 
ing an issue of the presentations of scientists in Sci- 
entific Journals. An article in the Monthly for Oc- 
tober, 1943, does, however, need refutation from 
many sources and I hereby contribute my objections. 

This article by one Leo Kartman is mistitled, ‘‘So- 
ciological Excursions of Biologists.^’ It should 
bear some such caption as, “Biological Misconcep- 
tions of a Sociologist.” . , . 

The gist of Mr. Kartman ’s arguments on the theme 
of the non-applicability of biological laws to man is 
the hoary sociological thesis that man is a creature 
apart from this mundane world and not subject to 
the operation of forces that govern in the respective 
organic and inorganic spheres of influence. 

I do not attempt to answer Mr. Kartman ’s naive 
presentations, — ^auy “ B ” student who has completed 
a High School biology course could do that. I only 
ask that when such articles are in the future pre- 
sented for your consideration, you accept them only 
on the condition that the author jump out of your 
window (I hope you are on the sixth floor) as a 
demonstration that the laws of gravity will be sus- 
pended in his favor because he is a human being. — 
E. A. Hefner. 

N^o! We are on the eighth floor. — ^Eds. 

We Muffed It 

On page 476 of the November, 1943, issue of The 
Scientific Monthly there is an attractive photo- 
graph captioned “Habitat Group of Quetzal from 
Guatemala.^’ It is to be hoped that the Field 
Museum, to which this group is ascribed, has labelled 
it otherwise inasmuch as the alleged Quetzal birds 
in this illustration bear an extraordinary resemblance 
to peacocks but, on the other hand, do not resemble 
any illustrations of the Quetzal which I have seen. 
Nor do they resemble the recollection of the Quetzal 
on the part of travelers to Guatemala with whom 
I am acquainted. 

It is suggested that the next issue of The Sdmitific 
Monthly contain an appropriate correction and, 
in accordance with the good-neighbor policy to our 
fellow American country, Guatemala (whose na- 
tional emblem is the Quetzal), a new illustration, as 
well, showing the actual habitat group of the Guate- 
malan Quetzal. — ^Alfred N. Goldsmith. 


Inadvertently the Field Museum sent us a pbo- 
tograph of peacocks mislabeled quetzals. We 
published it innocently. Later we obtained from 
the same museum a photograph of a habitat 
group of genuine quetzals. We intended to pub- 
lish it, but the WPB intervened, requiring con- 
servation of paper. Nevertheless our apologies 
to our Guatemalan neighbors are just as pro- 
found as if we had illustrated this acknowledge- 
ment and correction of our error. We also pub- 
licly express our appreciation of the restrained 
and delicate manner in which Dr. Goldsmith ex- 
posed our ignorance- After all we have seen pea- 
cocks. — ^Eds. 

Also Muffed 

I suppose a million people have written to you that 
the life span of Louis Agassiz is not that indicated 
below his portrait in the last [October, 1943] number 
of The Saentific Monthly. I think that the dates 
relate to his son Alexander. — ^W. H. Wright. 

They do, and we can’t laugh that off, — Eds. 

No Ham and Eggs 

I happen to be one of your members and receive 
The Scientific Monthly and I want to express some 
comments about the first article in the July 1943 issue 
entitled “The Older Worker.” I wish that every- 
body in the country could read this article — ^read 
it with care and read it with thoughtfulness. It is 
excellent and I think Dr. Carlson has done a fine 
job in getting up this article and you have done a 
fine job in publishing it. . . . 

I would also especially comment on page 6, column 
2, commencing “In fact, tasks for which men and 
women past fifty, sixty and seventy are thoroughly 
capable lie all around us like mountains but we do 
not see them.” This is so true with a great many 
but some of us, including myself, not only the 
mountains but see the tasks as well. We are per- 
fectly willing to pay a reasonable price for such 
work to be done and the different jobs are consis- 
tently coming to light and could be done by anyone — 
that is, as far as age is concerned — but we will not 
pay $12 a day for simple little tasks which a man 
seventy could perform even though it took him twice 
as long as a man of thirty. I, myself, would very 
willingly pay $5 a day but I certainly will not pay 
$12.00. These tasks axe with us, they are all around 
us all the time, but the moment you suggest any- 
thing like $5 you are constantly up against this 
is below the union scale. The result is the work is 
undone, the older people are without the funds and 
no one accomplishes anything with this kind of an 
attitude. — W.H.H. 



164 : 


THE SCIENTIFIC MONTHLY 


A copy of the foregoing letter was sent to Dr. 
Carlson by F. E. Moulton, whose letter of trans- 
mittal included the following: 

You mil remember that nearly twenty years ago, I 
wrote an article for The ITniversity of Chicago 
Magazine on ^‘The New Education’^ and, in the 
course of it, spoofed the faculty on various things. 
One of the unorthodox positions I took was that 
younger scientists should be promoted rapidly so 
that they could get married and raise families at the 
normal period of life for doing such things, and that 
they gradually be demoted and retired as they got 
past the zenith of their powers. This proposal did 
not meet a very hearty response among members 
of the faculty who were past middle age. Now I 
hope that, from the vantage point of more years, you 
will see that there was some sense in what I said. If 
men could begin to be demoted at 55 or 60 or 65, de- 
pending upon their physiological ages, they could be 
kept actively at work in the universities for a much 
longer period, with advantage to research, education 
and themselves. Financially speaking, my suggestion 
amounts to distributing the total income of a man 
in university work somewhat differently than it has 
been distributed heretofore. Of course, there are 
those that thought there would be some humiliation 
in being demoted, at least as far as pay is concerned. 
If everyone were treated similarly, the demotion de- 
pending on physiological age, it would be normal, 
just as ceasing to play tennis at advanced years is 
norm^, the time for this, also, depending to a con- 
siderable extent upon the physiological age. 

If you agree with any of these wanderings of a 
restless mind, I hope sometime you will write an ar- 
ticle, modifying them as you desire, and let us print 
it in The Saientifio Monthly. It would be a fine, 
practical carrying out of the principles you set forth 
generally and rather briefly in the article which we 
have just printed. How abont taking your facile 
pen in hand and doing this little trick, or if you 
disagree with me, take the opposite position, and 
fasten my hide to the bam door? — F.B.M. 

Ah! 

Beading the book reviews in the November issue of 
The Seie%tifie M<miW^ which has just arrived 
has brought once again to my mind the realization 
of how good they are. They are informative, critical, 
well l^aneed and good tempered. But the quality 
I like best is the note of frankness and sincerity: 
if Ihe reviewer thinks the book is bad he says so. 
La too many of our professional journals, it seems to 
a revievrar says nice things about a book for 


which he has contempt for fear of hurting his ^^col- 
league’s’’ feelings. 

More power to your reviewers! — ^Leslie A. White. 

Oh! 

I am in receipt of your letter, together with the re- 
turn of my manuscript. I will wager that neither 
one of you three wise men realize the fact that de- 
generative processes are developing, which means a 
decay of our civilization. You pretend to publish a 
scientific journal, yet you have not the ^^guts” to 
publish the truth, and you probably have never seen 
nor heard of Antoine Wiertz’s paintings. — ^H. W. 
Soper. 

The Professor 

The following reflections come from Byrne J. 
Horton, Graduate Faculty, St. John's University. 
Contemplating the characteristics of the pro- 
fessions of law, medicine, theology, and advanced 
teaching, Dr. Horton advances ten criteria or ear- 
marks of a genuine profession. — Eds. 

1. A profession must satisfy an indispensable so- 
cial need and be based upon well-established and 
socially accepted scientific principles. 

2. It must demand an adequate pre-professional 
and cultural training. (Today, a two-year col- 
lege course is generally required.) 

3. It must demand the possession of a body of 
specialized and systematized knowledge. 

4. It must give evidence of needed skills which the 
general public does not possess; that Is, skills 
which are partly native and partly acquired. 

5. It must have developed a scientific technique 
which is the result of tested experience. 

6. It must require the exercise of discretion and 
judgment as to the time and manner of the per- 
formance of duty. This is in contrast to the 
kind of work which is subject to immediate 
direction and supervision. 

7. It must be a type of beneficial work, the result 
of which is not subject to standardization in 
terms of unit performance or time element. 

8. It must have a group consciousness designed 
to extend seientifie knowledge in technical lan- 
guage. 

9. It must have sufficient self -impelling power 
to retain its members throughout life. It must 
not be used as a mere stepping-stone to other 
occupations. 

10. It must recognize its obligations to society by 
insisting that its members live up to an estab- 
lished and accepted code of ethics. 
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comes to qualities of the mind and the even 
less tangible personality, the standards are 
less definite and the methods of appl.^ing 
them less certain. However. Carlson cer- 
tainly has a very wide range of interests and 
information and a ready and acute mind In 
the rough and tumble of banter and jibes 
which were common among the members of 
the faculty in the youthful days of The Uiii- 
A’ersity of Chicago, he was well able to take 
care of himself. In faculty discussions he 
was objective and clear, iieAvr taking the 
role of either an obstruetioiiijst or a servile 
supporter of the administration Although 
his piumary interests were in research, he 
gave serious attention to questions of sound 
educational policies. For example, he ex- 
erted an important influence on the develop- 
ment of the general survey course in science 
for freshmen at The University of Chicago, 
and not only contributed a chapter to TJu 
Xafurt of the World and Man to which it led 
but critically examined the manuscripts of 
all other contributors. From this lower level 
of college education Carlson’s academic in- 
terests ranged to the other extreme of uni- 
versity administration 

But such a bare catalog of what a man 
has done is only the skeleton of his life It 
lacks almost entirely the qualities of mind 
and heart that after all are the man. Prob- 
ably the best brief characterization of the 
real Carlson is that he is a man of very rare 


intellectual integrity. Like Nature itself he 
never comi^romises with fundamental prin- 
ciples for an apparent advantage in the spe- 
cial case If in the exceptional ease this 
quality seems severe, it is nevertheless the 
very property of Nature that makes science 
possible, and even life itself. And it is a 
necessary quality for human beings in order 
that a stable society may evolve. 

In these days our thoughts inevitably tuim 
to the future of society It is difficult not 
to be disturbed by the trials of the hour and 
the uncertainties ahead, but science is in the 
ascendency, at present in the production of 
means of destruction but soon in the more 
important task of teaching the integrities of 
life There will be ready hands to hold its 
flaming torch alott, of which the president of 
the Association natimally will be the foremost 
leader For nearly seventy years he has 
been unknowingly preparing for this task — 
on a farm in Sweden, in many journeys 
across the oceans to many lands, in the dis- 
cipline of manual labor, in the arduous proc- 
esses of getting an education, in climbing the 
ladder of fame, in reflecting on the thoughts 
of wise men of the past, in learning the essen- 
tial character of the orderly ways of Nature, 
and in distilling wisdom from the multitude 
of experiences that the varied currents of 
life have swept within his reach. IMay the 
Association prove worthy of his leadership ’ 

F. R 
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birth is purely legalistic, because so far as 
American and Canadian scientists are con- 
cerned there is not and never has been any 
international boundary between them. 

In 1925, Michael I. Piipin, once a Hun- 
garian peasant boy but then the foremost 
electrical engineer in America, was elected 
president of the Association. A few years 
before his death Pupin wrote his autobiogra- 
phy, a book as remarkable for its rare liter- 
ary and poetic qualities and his fine tribute 
to his mother as for the heroic story of his 
rise from poverty and ignorance, in a strange 
land, to great rewards and high honors from 
his adopted country. 

Franz Boas, who was born in ilinden, Ger- 
many, in 1858 and came to the United States 
in 1889, became president of the American 
Association for the Ad’cancement of Science 
in 1931. At Clark University, in the depart- 
ment of anthropology of the Columbian Ex- 
position in 1893, in the American Museum of 
Natural History, and as professor of anthro- 
pology in Columbia University, Boas main- 
tained the pattern of fine and objective 
German scholarship as it was at the zenith 
of its excellence. It is the memory of such 
men as Boas that reminds us of the great 
debt American science owes to the spirit of 
German science of a few decades ago, and 
makes us grateful to Fate that he came to us 
when he did. 

Anton J. Carlson is the fourth foreign 
born president of the Association since 1922, 
an average of one out of six at a time when 
this country had already become populous, 
powerful, wealthy, and sophisticated in 
science. This remarkable recognition of for- 
eign born scientists of distinction is clear 
evidence that during this period the hos- 
pitable spirit of our ancestors still prevailed 
in this land, and conclusive proof of the high 
quality of many of those who were coming to 
our shores. When so many men in so few 
years receive such signal recognition of emi- 
nence where the possibilities of this particu- 
lar recognition are so limited, it may justly 
be maintained that this has still been the 
land of opportunity of which ambitious and 
daring young men have always dreamed. 

Carlson was born, in 1875, in a rural dis- 
trict of southern Sweden, yet at a latitude 
of 58®, or nearly as far north as the southern 


tip of Greenland. As a child in the country 
he shuddered at the roar of storms in winter, 
rejoiced at the rush of young spring, hard- 
ened his muscles and clisciplined his mind 
with toil during the long days of summer, 
became acquainted with domestic animals, 
the life of lakes and streams, fields and for- 
ests, and the air, and looked forward to the 
snows of autumn. At sixteen years of age 
he turned his eyes westward and crossed an 
ocean and half a continent on his way to 
Chicago. Kno\^’ing hardly a word of En- 
glish, he secured a job at carpenter work, 
saved the money he earned, attended school 
in the evening, and started in earnest on the 
adventures of life. After he had earned four 
hundred dollars he went to Augustana Col- 
lege, Illinois, at which he took the B.S. degree 
in 1898 and the M.A. degree in 1899. When- 
ever any graduate of one of the great uni- 
versities looks with feelings of pity on such 
poorly endowed and equipped colleges as 
Augustana, let him think of the men they 
have produced and be humble. 

In 1902 Carlson received the Ph.D. degree 
from Stanford University, at which he was 
an assistant in physiology during 1901 and 
1902. After one year as a research assistant 
in the Carnegie Institution of Washington, 
he went, in 1904, to The University of Chi- 
cago where he rapidly rose in rank to the 
chairmanship of the Department of Physi- 
ology, and in 1929 was awarded the Prank 
P. Hixson Distinguished Service Professor- 
ship. The one break in this career was the 
period of his service in the United States 
Army Sanitary Corps in World War I. As 
a Lieutenant Colonel he was sent to Serbia, 
Austria, Czechoslovakia, the Baltic Pro- 
vinces, and Finland after the armistice to 
direct American relief of the appalling star- 
vation that existed in those countries. 

What sort of man was and is Carlson! 
Such questions are always asked. The an- 
swers are almost as varied as those giving 
them. The writer of this sketch knew Carl- 
son, at least slightly, almost from the time he 
entered The University of Chicago, and later 
very well. Physically he is slightly above 
the average in size, well muscled and always 
in excellent physical condition. He played 
tennis, billiards, and bridge. So much is 
easy and relatively certain. But when it 
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On January 1, 1944, Dr. Isaiali Bowman, 
President of tiie American Association for 
the Advancement of Science for 1943, an- 
nounced over the network of the National 
Broadcasting Company that Dr. Anton 
Julius Carlson, Frank P. Hixson Distin- 
guished Service Professor Emeritus of 
Physiology in the University of Chicago, 
had just been elected President of the Asso- 
ciation for 1944. 

Dr. Carlson is the ninety-second president 
of the Association, his predecessors having 
included many of the most eminent of Amer- 
ican scientists for a centiir^y. For example, 
three of the five American Nobel laureates 
in physics, A. A. Michelsoii, Bobert A. Mil- 
likan, and Arthur H. Compton, have been 
presidents of the Association. Of the three 
American Nobel laureates in chemistry, 
Theodore W. Eichards and Irving Langmuir 
were similarly honored. Of the six Amer- 
ican Nobel laureates in medicine, four were 
American born, and of these four, Charles 
S. Minot and Thomas H. Morgan were also 
presidents of the Association. 

In certain respects the National Academy 
of Sciences is the foremost American scien- 
tific society. It was established in 1863 by 
an Act of Congress as the official adviser of 
the Federal Grovernment on scientific ques- 
tions. Naturally only scientists of the high- 
est distinction have been elected to the presi- 
dency of the Academy. Of the fourteen men 
who have been elected to this high office, 
eleven have also been presidents of the Asso- 
ciation. Dr. Carlson is one of 335 present 
members of the Academy, having been hon- 
ored by election to membership in this august 
body twmty-four years ago, in 1920. 

Since the fields of interest of the Assoeia- 
tim include practically all the natural and 
social sciences, not many presidents have 
been elected from any one field. Dr, Carlson 
m eightli president of the Association 
the field of the medical sciences. Of 
of the Association, 
wmm iwe^hw 'iwilhem nine physi- 

Ipp a^onomers, nineteen 
and pateontologists 
_ y^fs)y tan 

' ti' if ^ ' 


zoologists, seven botanists, five anthropolo- 
gists, two psychologists, two economists, one 
engineer, eight medical scientists, one agri- 
culturist, and one educator, the late Presi- 
dent Eliot of Harvard University. Of 
course, the diversity of interests of former 
presidents has nothing to do with Dr. Carl- 
son except to indicate the type of man that 
is chosen to be the leader of such a great 
body of scientists as those which make up the 
American Association for the Advancement 
of Science. In addition to being an eminent 
specialist, the president must be a man hav- 
ing many and varied interests, wide acquain- 
tance, a deep feeling of responsibility of 
scientists to our social order, and a statesman 
in the fields of science. The election of Dr. 
Carlson as president of the Association ex- 
presses the judgment of the 255 members of 
the Council, representing the Association 
and societies in every field of science with a 
membership of nearly a million, that he has 
these high qualities to an exceptional degree. 

Dr. Carlson is the fifth foreign born presi- 
dent of the American Association for the 
Advancement of Science, excepting J. E. 
Hilgard, president in 1875, who was brought 
from Bavaria to America by his parents 
when he was a young boy. Carlson’s four 
predecessors who were of foreign birth and 
rearing made such great contributions to the 
development of American science that their 
names should he recorded in this sketch. 
The first in order of election was Louis 
Agassiz, of Swiss birth and Swiss and Ger- 
man education, -who was elected president of 
the Association in 1851, three years after it 
was organized. He founded the Museum of 
Comparative Zoology at Harvard College, 
introduced revolutionary methods of teach- 
ing biology, and established the summer 
school at Penikese Island, which was de- 
scribed in the October, 1943, issue of The 
Scientific Monthly. 

Seventy-one years elapsed before another 
scientist of foreign birth was elected presi- 
dent of the Association. In 1922, J. Playfair 
McMurrich of Toronto and of Canadian 
birth became president of the Association. 
But to speak of McMurrich as of foreign 
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HELIOS AND PROMETHEUS: A PHILOSOPHY 
OF AGRICULTURE 

By PEI-SUNG TANG 


Lire denotes activity, and activity incurs 
the exi>enditure of energy. In man, the 
for his activities is derived from the 
eonsnmption of food which is mannfaetnred 
for him directly or indirectly by the green 
plant "When primitive man lives in the 
forest, supported by the fruits of its vegeta- 
tion and deriving warmth from firewood, he 
is, figuratively speaking, a parasite. When 
gradually he learns the usefulness of certain 
kinds of plants and animals for food and 
fuel and singles them out for cultivation, 
propagation, and protection, he initiates the 
art of agriculture, emerging, we may say, 
from the state of parasitism to that of sym- 
tnosis. 

While man and animals derive their food 
and fuel from the green plant, the latter is 
not the ultimate source of energy. It in turn 
obtains its energy from the sun through a 
unique proc^ known as photosynthesis. 
ThoB process, whereby the radiant energy of 
Ibe sun is converted into chemical energy 
imllaHe to plant, animal, and man alike, is 
filifi fundamental reaction on which the ex- 
iaie|!feee of all higfa^ forms of life depends, 
on which is built man^s art of agricul- 
tera All the ^orts of the pra«etical farmer 
and of the agricultural scientist are directed, 
whether eonseiotigdy or una«mseioudy, toward 
Increasing the eSSciency of eerta^ green 
plants in the performance of this all-impor- 
tant function, directly or indirectly. 

How is the sun^s energy tomsformed 
through the plant into forms available to 
3Daan! The green plant, with its characteristic 
pigments, converts carbon dioxide and water 
iulo sugar and other forms of organic mate- 
mif ®weby trapping, so to i^eak, radiant en- 


ergy and changing it into chemical energy 
in food and fuel which, when consumed by 
man, supply him with eneigy for his activ- 
ities. The process is at once simple and com- 
plicated. It is simple because water, sugar, 
and carbon dioxide are common stufe of 
nature. That it is complicated we may infer 
from the fact that, in spite of all the efforts 
of the biologists and chemists, we are still 
ignorant of the mechanism of this process, 
let alone the ability to duplicate and control 
it in the laboratory. 

Important as are such agrieultural pro- 
cesses as the improvement of crops, animals, 
soils, or silviculture, and the prevention of 
diseases, they are merely means of improving 
a process on which man is dependent, but 
which he is unable to duplicate and control 
at his wiU. In the cosmic (^de of energy 
transformation, the green plant can very wdl 
be independent of man, but man cannot be 
independent of the green plant The fun- 
damental problem of human food produo- 
duction, from the biological point of view, is 
that of duplicating the process of photns^- 
thesis in the laboratory, independent of tim 
living ifiant. When that time &mm, man 
will be freed from the grueling labors of 
agriculture and the eruel uncertainties of 
the elements. Before that stage of seientifie 
devdopment is reached, however, man will 
still have to rely m the green plant as the 
transformer of solar energy into f oms avail- 
able to himsdf. He is not only constasrfjy 
subjected to the MalthusSan straggle be^i^iaBai 
himself and his fdlow men; lie m iW 

volved in a four-dded 
area among tha 1m 

maehini^aiidliinffielf. * 
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Plaot and ]Man 

Civilized man, although he has long aban- 
doned his worship of the fire and the sun, is 
not much further advanced than his ances- 
tors; he is still shrouded in the mysteries 
of the fundamental relation between the sun, 
the green plant, and himself. Until the time 
when he can reproduce this apparently sim- 
ple process of photosynthesis in his labora- 
tory, independently of the green plant, man 
cannot claim to be free from the vestiges of 
his ancestral sun and fire worship. When 
that day comes, the energy awaiting his dis- 
posal will be enormous. 

The tremendous amount of radiant en- 
ergy falling on the earth’s surface is hard 
for us to conceive. It is estimated that one 
square meter of the earth’s surface receives 
from the sun the equivalent of about one 
horsepower, and the total radiant energy 
intercepted by some 200 million square miles 
of earth’s surface is, at this rate, equivalent 
to 200 trillion tons of anthracite coal per 
year, which is 200,000 times our annual coal 
consumption. This amount of energy is 
equivalent to the total food requirement, in 
terms of heat value, of the entire world 
population for one million years! Or, put- 
ting it in another way, the radiant energy 
received on one thousand square miles of 
land in a growing season of 90 days, if aU 
converted into food, would be sufiScient for 
the heat energy required for the existence of 
the entire population of the world for one 
year. 

Of this enormous amount of energy falling 
on the surface of the earth, how much is 
actually made available for human consump- 
tion by the green plant? When the entire 
plant is considered, not limiting ourselves 
to the portions nsed for food by man, only 
0.5 percent of the solar energy falling on the 
sunflower plant is stored in the organic mat- 
ter. For wheat, rye, and potatoes the figure 
is 3 percent ; for com it is 2 percent. In the 
case of f or^ trees, calculations show that for 
the redwood of C^dif ornia the efficiency is only 
0.3 perMat, and for the Eucalyptus tree it is 
0.5 percent When only the edible 
portioTO of the crop plants are considered, 
tte Clergy yi^ acre, as calculated from 
rMkrds tafemi both in China and in the 
States^ are m follows; Indian com. 


2.6 million calories; wheat and barley, 1.6; 
field peas, 1.2; rice, 3.6; and Irish potatoes, 
3.0. WTien compared to the solar energy 
received on one acre of land during a grow- 
ing season of 90 days, which amounts to ap- 
proximately 2 billion calories, these figures 
are only of the order of thousandths parts of 
the total radiant energy intercepted on the 
land surface during a growing season. And 
all the labors of the farmer, all the efforts of 
the agriculturalists, are directed only toward 
increasing the efficiency of certain plants in 
the utilization of these thousandths parts of 
energy of the sun intercepted by the earth 1 

The practice of agriculture, whereby the 
sun’s energy is stored in food and fuel 
through the cultivation of green plants, is a 
very wasteful process of utilizing solar energy 
from the standpoint of cosmic relations be- 
tween man, the green plant, and the sun. 
However, from the anthropocentric stand- 
point, this practice, wasteful as it is, is still 
a profitable proposition. Man, in the culti- 
vation of his land, is only building a dam, so 
to speak, to guide a very minute portion of 
the otherwise untamed torrent of ever de- 
grading energy from the sun into channels 
for the performance of useful work, much as 
a minor part of the wasted energies of the 
Niagara Falls is used for the production of 
electricity. Kegardless of man’s existence, 
the sun forever emits radiant energy in its 
process of degradation, and man’s part is 
only in the capturing of an insignificant frac- 
tion of this degrading energy into useful 
work. The amount of labor expended in 
building and caring for the dam is the labor 
which man puts in for the cultivation and 
protection of the crop plants and farm ani- 
mals, which is relatively small compared to 
the energy gained from his efforts. 

For the cultivation of an acre of corn, 23 
man-days are required in China as against 
2.5 man-days in tte United States. For the 
cultivation of winter wheat, the respective 
figures are 26 and 1.2, and for the cultivation 
of an acre of rice, 82 man-days are required 
in China. Assuming an average of 3,500 
calories per day per capita for the food con- 
sumption of the farmer, the energy expendi- 
tures are: for com, 80,000 for the Chinese 
and 8,800 for the American. For winter 
wheat, they are : 91,000 for the Chiuese and 
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4j200 for the American. For the cnltivation 
of an acre of rice, the Chinese farmer puts 
in an amount of labor equivalent to 290,000 
calories. For these amounts of energy put 
in, an average yield of 2 million calories per 
acre is realized, resulting in the apparent 
gain of energy from 7 to 25 times for the 
Chinese, and from 200 to 500 times for the 
American. 

The low energy input for the Americans 
is misleading. Actually, he may have put 
in more energy in the form of motor fuel 
than the Chinese farmer, so that in terms of 
gross energy input, he may even have to put 
in more energy in the cultivation of an acre 
of land than the Chinese. But, in terms of 
human labor, the amount which the Ameri- 
can farmer puts in is very small, and the 
extra human labor thus saved could be used 
for the production of items which enable him 
to lead a more luxurious form of life and to 
build his art and culture, which cannot be 
measured in terms of energy. 

Animal and ^^Ian 

There are two major uses for which ani- 
mals may be employed by man : power and 
food. While man may survive on a vege- 
tarian diet alone, it is generally agreed 
among nutritionists that a people fed on a 
generous supply of animal proteins are as a 
whole healthier and more aggressive than 
those who survive mainly on a vegetable diet. 
According to this view, an ample supplj^ 
of animal food should be one of the chirf 
objectives of agriculture. And yet, at least 
half of the people on earth are deprived of 
this privilege. Aside from religious consid- 
erations, which in the final analysis may still 
be due to economic pressure, the reason is 
simple. As long as animals are, like man, 
dependent on the green plant for food, ani- 
mal products are always more expensive 
than plant products. In obtaining his food 
indirectly from the plant via the animal, man 
has to pay the price of the middleman. The 
amount of land required to support one dairy 
cow in the United States varies from one to 
10 acres, and on the average, let us say, 2 
acres, obtaining thereby 1,350,000 calories 
in the form of milk, which amounts to 675,- 
000 calories per acre as against some 4 mil- 
lion caloric obtainable from the two crops 


of grains and potatoes produced thereon* 
The contrast is even more marked when the 
land is devoted to the raising of beef cattle 
and poultry. One acre of land produces only 
0.21 million calories in the form of eggs, and 
0.1 million calories in the form of beef. In 
order that every country may reach a dietary 
standard similar to that of the United States, 
the animal products of the world would have 
to be at least doubled, which would in turn 
require a twofold increase in the area of 
pasture-land as existent today. And this in- 
crease in pasture-land would cause a dimin- 
ishing of crop land corresponding to about 
15 times its size, since one acre of land de- 
voted to the production of grains yields 6 to 
7 times as much food energy as that devoted 
to the raising of dairy cattle. 

So long as the population of the world 
does not decrease, so long as the present prac- 
tice of agriculture cannot be expected to give 
significant increase in crop jdeld, the com- 
petition between man, animal, and plant for 
land area wiQ forever be a barrier to provid- 
ing ample animal products for human con- 
sumption. 

In his ascent from parasitism to symbiosis, 
man domesticated animals to supply power 
for his farm, thus ridding himself of the 
heavier burdens. As man becomes more and 
more civilized, the animal is in turn replaced 
by the machine. How does the animal com- 
pare with the gas engine as a converter of 
energy? For muscular work in man and 
animals, a gross eflSciency of 25 percent may 
be realized. That is, of the amount of energy 
in the form of food given to the animals^ , 
25 percent of it may be realized in the per- 
formance of work, which is about the best 
that a diesel engine can do. For the working 
animal, however, over a period of 24 hours, 
the efficiency is considerably lower, and is of 
the order of 10 percent. But even this low 
figure is better than the performance of the 
steam engine, which is only 7 percent efficient, 
and is equal to the performance of the gas 
engine. Based on these figures, the draft 
horse is at least as efficient a ^‘machine’* as 
the tractor. To this must be added the advan- 
tages possessed by the horse: the ability to 
repair itself, to respond to changing rates of 
performance within short periods, and the 
possession of a certain degr^ of inteligenae. 
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For tKis reason, the animal is a better source 
of farm power in densely populated countries 
with small farm holdings, such as in China, 
India, and J apan. 

If the animal possesses so many advantages 
over the gas engine, and is at least as ef- 
ficient in the performance of work, why is the 
animal being extensively replaced by the 
gas engine in some countries such as in the 
United States? The answer lies again in 
the competition between plant, animal, and 
man for land surface. While the animal 
is as efScient as the gas engine, the former, 
being dependent on plants for fuel, must 
rely on land area for its maintenance so that 
a part of the land it helps to cultivate goes 
to the maintenance of itself. Evidently the 
animal is not suited for large-scale operations 
in which case the proportion of land area 
devoted to the maintenance of the animals 
may become a serious economic factor. On 
the other hand, the gas engine consumes fuel 
in concentrated form, transported to the 
farm from a single oil well on perhaps an 
acre of land from which is supplied the 
fuel for thousands of farms. In a country 
rich in mineral oil, the horse is no competitor 
with the gas engine. Conversely, in a coun- 
try without oil resources, though the land 
holdings may be large, mechanmation of 
agriculture is not necessarily economical even 
when power alcohol may supply the fuel for 
the machines, since alcohol comes from the 
plant, which in turn requires large land 
surfaces for its cultivation, 

^Iacbune and Man 

As the domestication of plants and animals 
distinguished the age of agriculture, so does 
the utilization of land for the fuel of the 
machine characterize the age of industry. 
The power and raw materials of industry 
come from two sources, the organic and the 
inorganic. Of all the sources of fuel for 
power, coal and oil remain the cheapest, and 
certainly the most generally employed, not 
esxduding water power. While coal and 
petroleum are generally classified as min- 
erals, they are of organic origin deposited 
for ns in the geological ages. Being of 
organic origin, they are subjected to the same 
dtawbafis as the agricultural products ; that 
the energy stored therein is only an in- 


significant fraction of the radiant energy 
which was available to them. At any rate, 
the world’s supply of coal and petroleum is 
limited by the extent of their deposition on 
the one hand, and the enormous time required 
for their formation on the other. The 
world’s known, readily available petroleum 
deposits may serve us for some thirty-five 
years at the present rate of consumption, 
while the coal deposits of the world can last for 
some six thousand years. What about relying 
on the land for the production of fuel for the 
machine? Of late, much emphasis has been 
given to this problem, both in the United 
States and in China. In the United States, 
the movement was originated by the Farm 
Chemurgists for the utilization of farm sur- 
plus. In China, the movement was initiated 
out of dire necessity. An analysis of the 
problem will make it clear that such a prac- 
tice would involve competition between man 
and machine for land area, and while under 
special conditions a small part of the fuel 
may be derived from the land, in the long 
run the practice of obtaining fuel from farm 
land for the machine has no great future. 

Let us take first the ease of a country like 
the United States. An oil well on an acre of 
land, say in Cklahoma, may have ah ultimate 
production of 3,500 barrels of crude oil, 
yielding 1,000 barrels of gasoline. The same 
acre, if planted to corn, would only give a 
quantity of alcohol equivalent to three bar- 
rels of gasoline. At this rate, three hundred 
years are required for the same acre of land 
to produce fuel in the form of power alcohol 
as compared to the five to ten years for the 
production of gasoline. True, that acre of 
land can be used over and over again for the 
production of power alcohol if so desired, 
while the petroleum deposit will ultimately 
be exhausted. But three hundred years is 
a long time to wait for the economic func- 
tioning of the machines. Furthermore, as 
some writers put it, a surplus of one billion 
bushels of corn would sound tremendous to 
the farmer, but it would only yield 250 mil- 
lion gallons of alcohol, enough to run U. S. 
cars and trucks for about three weeks. 

So much for the possibilities of obtaining 
power from land in a country with agri- 
cultural surpluses. Let us turn now to the 
problem in a country which, out of dire 
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necessity, is resorting to the use of power 
alcohol for the functioning of her war 
machine. Economists, chemists, and militar- 
ists of China have urged the use of power 
alcohol for China^s motor Tehicles, and plant 
after plant has been set up for the produc- 
tion of this material during the six years 
of China ^s war with Japan. The irony of 
this lies in the fact that such a practice, if on 
an extensive scale, will force the Chinese to 
choose between starving the trucks or starv- 
ing themselves. Assuming a total of 25,000 
cars and trucks running per day, the amount 
of alcohol consumed, on the basis of 30 gal- 
lons per car, would be equivalent to 7,500 
acres of land area, making a liberal allow- 
ance of 1(K) gallons of alcohol per acre. For 
the year, the land area required would be 
2,700,000 acres, which is roughly one percent 
of the total cultivated area of ^il China, and 
is about six percent of the total cultivated 
area in **free China,’* the food production 
of which is barely sufficient for human con- 
sumption. 

The matter may be different in peacetime 
China. The import of gasoline to China in 
1932 was about 3 million gallons, equivalent 
to 5 million gallons of alcohol which would 
require a land area of 50,000 acres, which is 
only 0.2 percent of the total cultivated area 
of China. Even if the gasoline consumption 
should be increased five times more than the 
pre-war figure, the amount of land required 
for the production of power alcohol is only 
of the order of one percent of the total culti- 
vated area. If a mixture of alcohol and gaso- 
line is used, the land area required can fur- 
ther be reduced. 

For a country relatively undeveloped in- 
dustrially, and for a country with food sur- 
plus but without petroleum resources, power 
alcohol may be a temporary solution to the 
fuel problem. But, as industry is developed, 
competition results, sooner or later, not only 
between man and machine for fuel and food, 
but also between one machine and another. 

From these considerations, the power 
problem cannot be solved by the utilization 
of farm land for the production of power 
alcohol, or v^etable oil, or any such prod- 
ucts, but the solution has to be made inde- 
pendent of the land. The more immediate 
solution is^ of <K>urse, the hydrogmiation of 


coal, and the extended use of hydroelectric 
power, but tbe ultimate solution will perhaps 
lie in the direct utilization of the sun*s en- 
ergy and in the harnessing of energy from 
the disintegration of atoms. 

!&Ian as AGRICTJIiTURAIJST AND AS 
Industrialist 

If the land is not to be relied upon for the 
power of the machines, can it be relied upon 
ultimately for the production of raw mate- 
rials! The answer to this question depends 
on the kind of raw material and the length 
of time to be considered. As man advances 
from the agriculturalist to the industrialist 
and emerges into the age of science and tech- 
nology, he continuously attempts to free him- 
self of the limitations imposed upon him by 
the land and by the elements. He is for- 
ever striving to be independent of the land 
for the production of raw materials for his 
machine. In this quest for independence, 
man is making much use of the discoveries in 
his laboratoiry; because of this dependence 
of technology on the advance of science, the 
latter is the factor deciding whether certain 
raw materials may be produced S3rnthetically 
or whether the land should conthiue to sup- 
ply them. Within the last generation, man 
has been successful in a number of attempts 
in this direction, and in a very small measure 
he has even succeeded in the attempt to create 
an artificial environment for himself in 
weather-conditioned dwellings. He has been 
successful in the ^^nthetie production of in- 
digo out of mineral sources, in the fixation 
of atmospheric nitrogen, and in the large- 
scale manufacture of synthetic rubber. He 
has been particularly succmful in the pro- 
duction of artificial fiber, rayon, and more 
recently, nylon, and a host of similar prod- 
ucts which threaten 1x> displace natural silk 
from the market. Is this tendency to re- 
place agricultural products by synthetics a 
temporary and ephemeral boom or is it likely 
to continue and increase f We ^aH examine 
the future of natural silk against ^yntheties 
and that of the tung oil as examples. 

For the production of 40 million kilograms 
(88 million Ite.) of silk, which was the total 
world pi^uction for 1935, 2 million acres 
of land are required for the 
mnlberry tre^ which in tnm requires is 



174 


THE SGHSSiTmC MONTHLY 


country like Ciiina, the amount of labor 
equivalent to 400 million man-days. To 
this must be added 20 million man-days for 
the eare of the worms and 80 million man- 
days for processing. The land and labor in- 
volved are equivalent to having the entire 
population of Philadelphia working in the 
State of Delaware for the year round on the 
production of natural silk alone, while a 
chemical plant on a city block of space in 
Wilmington, employing a few hundred men, 
may turn out an equal quantity of synthetic 
nylon during the same time, leaving the 
enormous surplus of land and man for the 
production of other articles of industry, and 
for the attainment of a richer way of life. 

Add to these considerations the uncer- 
tainties of the elements, of diseases and epi- 
demics, and the difficulties involved in ob- 
taining products of uniform quality, it is 
evident that the future of silk as against 
artificial fibers is not encouraging. But this 
does not mean that there is no room for the 
production of a limited amount of natural 
silk in countries with a dense population, 
and for countries which are less industrially 
developed. As a handicraft, on a family 
production scale, natural silk will still have 
its place in the near future and may still 
have a market in the more industrially de- 
veloped countries, as an item of novelty and 
luxury. But the future of natural silk as 
an industry on any large scale is doomed. 

On the other side of the question, there is 
the example of ttmg oil, which has long been 
a Chinese monopoly. In recent years, ex- 
perimental plantations were made in the 
BDuthem part of the United States without 
much success. In spite of the optimism of 
tihe small group of landowners along the gulf 
^>asfc, the concensus of expert opinion is 
perhaps not in favor of the attempt. The 
urgent need of the oil and the difficulties in 
c^taining the product, especially during the 
p®st few years, have forced chemists to 
adopt substitute for tung oil, mainly with 
castor oil. But the problem is far 
fomn bmiig solved. In so far as the substi- 
tete comeis frmn the land, as does castor oil, 
|l differs the same drawback as does the prod- 
mi wMeli m bmng substituted. While the 
teeaied castor oil or any other oil such as 
, oil TOy passes advantages 


tung oil in certain particular aspects, they 
cannot be entirely satisfactory as substitutes 
for the general use to which tung oil is be- 
ing put. Besides, these oils have other uses 
than as tung oil substitutes, in their own 
right, and the limited area of Brazil and 
other South American countries cannot be 
entirely devoted to the production of vege- 
table oil alone. 

Man, in his transition from the savage to 
the farmer, learned the use of land for the 
production of food for his activities and fuel 
for his home. As he passed from an agricul- 
turalist to an industrialist, he made addi- 
tional use of his land for the production 
of power and raw material for his machines. 
Man is now on the verge of a new era, the 
age of technology, and is gradually learning, 
through his better understanding of nature, 
to obtain power and raw material directly 
from the inorganic elements through chemi- 
cal processes, independent of the green plant. 
The thoroughness with which synthetic mate- 
rials can replace agricultural products de- 
pends on two factors, the advance of man’s 
scientific knowledge and the balance among 
many economic factors. At least in the near 
future, the replacement cannot be complete, 
and it is doubtful whether it ever can be 
complete, but the trend of progress is clear: 
for his industrial raw materials man is try- 
ing to rely more and more on synthetic 
materials out of air, water, and minerals, 
instead of relying on plants and a ni mals. 

Alchemy anu Utopia 

If the tilling of land is symbolic of man’s 
attempt to make fuller use of nature’s gift, 
the toil of the alchemist marks the beginning 
of man’s attempt to conquer his environment. 
And the remarkable progress made in the 
fields of science during the present century 
is the beginning of the fulfillment of the 
dreams of the alchemists. During the last 
decade or so, one discovery in the field of 
nuclear physics led into another, making 
possible artificial radioactivity and the trans- 
mutation of the elements and culminating 
in the practical application of the cyclotron, 
popularly known as the atom smasher. The 
modem alchemist is not only able to fulfill 
the dreaans of Ms predecessors, that of t^ans- 
f orming quiektilver into gold, he has gone 
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far beyond. He has at Ms disposal means of 
nnleasliing energy from the atoms, wMeh in 
time may be turned into practical applica- 
tion, furnishing sources of power for the 
macMne independent of the green plant. 
This tool of the modem alchemist, though 
stni in the stage of the dynamo in Faraday’s 
day, promises to be of far more value to 
himself than was ICdas’ gold. 

The chemist, in his search for the secrets 
of matter, has produced materials of syn- 
thetic origin with wMeh we are clothing and 
housing ourselves. The significance of these 
developments is far greater than the mere 
satisfying of human curiosity or the provid- 
ing of man with a greater variety of materials 
for Ms frivolities. These discoveries herald 
the beginning of a new era much as the cul- 
tivation of the first grain of rice, or the intro- 
duction of the steam engine or the dynamo; 
they usher in the era of technology in which 
man may hope to be at least partly indepen- 
dent of the green plant (hence of land sur- 
face) for the supply of his raw materials as 
well as for the production of Ms food and 
power. We have seen the displacement of 
the indigo plant by synthetics of mineral 
origin, the capturing of atmospheric nitro- 
gen independent of the plant and animal, 
and the very rapid substitution of artificial 
fibers for silk, wool, and even cotton, within 
the last few years. The time may not be far 
off when rubber plantations will give way to 
factories manufacturing synthetic rubbers, 
and when certain other agricultural products 
will be replaced by such materials as plastics 
and fiber glass. 

Already the biochemists and the physiol- 
ogists are isolating and even j^mthesizing for 
us vitamins and hormones wMch less than a 
decade ago were known to the layman only 
as letters of the alphabet. It is not mere 
wishful thinking that in the generation that 
lies ahead of us, we may understand enough 
about the fundamental process of photosju- 
thesis of the green plant to be hopeful of lib- 
erating ourselves some day from the toil of 
agriculture as practiced now. Already much 
emphasis is being placed in tMs branch of 
biological research. The establishment of 


laboratories for photo^rnthesis at the Car- 
negie Institution and more recently at the 
Kettering Foundation, the groups of biolo- 
gists, chemists, and physicists at Chicago 
and California cooperating on the investi- 
gations into carbon assimilation by the green 
plant and by bacteria, are evidences of grow- 
ing interest in the problem of photosynthesis 
in America. Already great strides have been 
made in the last few years, and the time is 
not far off when we can be much better in- 
formed about the mechanisms of this process 
than we are now. 

When that time comes, man will be inde- 
pendent of the limited two dimensional land 
area for the cultivation of Ms crops for food 
and power. He may, by using the earth as 
his crucible, the sun and the atoms as his 
furnace, and the air, soil, and oceans as Ms 
reagents, elevate himself from slavery to the 
status of a Titan. Man will then enjoy an 
age of abundance and prosperity, free from 
muscular labor and strife. He will be given 
a respite from Ms constant fight against Ms 
crops, Ms animals, and his machine for the 
limited land area. Until that time comes, 
however, man will still have to depend on 
agriculture as practiced at present for food 
and power. He will still not be freed from 
the constant struggle for space. TMs strug- 
gle can, however, be alleviated temporarily 
in certain ways, aside from the usual prac- 
tice of improving the soil, crops, cattle, and 
the prevention of diseases, and the much ad- 
vocated limitations on population growth. 
One of these is the more extended use of the 
seas and oceans in which are stored vast 
wealths of animals and plants, and about 
wMch the young science of oceanography 
may have much to tell us in the future. An- 
other possible measure for the more economic 
use of land lies in the establishment of a 
world state in which a scientific and rational 
regionalization of agriculture may result in 
a more efficient production of agricultural 
products through fuller utilization of the 
natural distribution of climate and soils of 
the world, unlimited by artificial political 
boundaries between the nations. 



COME AND EXPEL THE GREEN PAIN 

By NORMAN TAYLOR 


ScABCELY forty years after Montezuma lost 
iiis empire to Cortes, the Chureli in Mexico 
began to worry about two rather disturbing 
phases of what the priests called Aztec idol- 
atry. The Spaniards had been even more 
horror-strichen at the hecatombs of ritual 
murders’’ on the teocalli. For under those 
extraordinary pyramids they found the enor- 
mity of this Aztec fanaticism, whose priests 
measured their zeal by the number of their 
victims’ skulls. While the Conquest had 
stopped this atrocity, the Church was still 
disturbed. 

It soon found that the beautiful S 3 rmbolism 
of the Mass was being horribly distorted by 
other, if less bloody examples of Indian per- 
versi^. The good padres feared for the 
souls of their flock, if not for the prestige of 
the Church itself. This drove them into 
heroic attempts to stamp out such idolatrous 
practices — a campaign doomed to failure al- 
though it lasted over two hundred years. 
They were tilting against a graf tage of Aztec 
lore upon Boman liturgy, but this is still 
rife in Mexico, particularly in the case of two 
plants — the ololiuqui and peyotl. 

The persistence of these Aztec cults is 
matched only by their extraordinary hold on 
the Indians and by their antiqnity. Their 
pre-Conquest history may always be shrouded 
in that medley of folklore and races, of which 
Cortes saw at Mexico City only the fantastic 
finale. But ololiuqui and peyotl were work- 
ing their quite magical charms for centuries 
before that incredible Conquest, when a hand- 
ful Spaniards captured an empire. 

That the Aztecs should have confused the 
Mass with their own magic does not surprise 
us quite much as it did the dignitaries of 
the Church. The neighboring Mayans in 
Guatemala still do so in the murky gloom of 
ftat midnight Christmas service at CMchi- 
easlenango. And E lsi e Clews Parsons in her 
estraordinaray unda^tanding book, Mitla — 
W&wm tdls us how this inter- 

w^vmg ^ and native lore "pet- 

mmm everything from Mrth to d^th, in- 
eii^ii^tlmusecioMiuqui And not so long 


ago some Indians in Wisconsin were tried by 
the United States Courts for their use of 
peyotl, sent to them from Texas. The chief 
defendant was acquitted, on the ground that 
the peyotl cult was “religious” — as in fact it 
may have been, considermg that the Indians 
took peyotl as the faithful do communion. 

In its desire to purge the Indians of the 
black magic of ololiuqui and peyotl, the 
Church left us the only writing we possess of 
the early use of either of these plants. For 
Prescott mournfully reproaches Cortes with 
the destruction of practically all Aztec rec- 
ords, a loss equally mourned today by every 
anthropologist and by many botanists. But 
the records of the Church show how potent 
were these plants, and how widespread their 
use, quite apart from their impact upon 
Church doctrine. We hear of both plants 
from a series of writings put out to instruct 
priests in the technique of the Confessional. 
One of them was called ^^Camino del Gielo^* 
— ^the Road to Heaven, The object was to 
find out how much the “evil” had spread 
and where it was doing the Church the most 
harm. The questions illuminate not only the 
principal objects of them, but the life of 
Mexico : 

“Hast thou eaten the flesh of man?” 

“Hast thou eaten the peyotl?” 

“Bo you suck the Wood of others?” 

“Bo you adorn with flowers places where 
idols are kept?” 

“Bo you predict future events hy reading 
omens, explainmg dreams, or tracing 
circles or figures in water?” 

“Have you eaten the seeds of ololiuqui?” 
And so on. The catechism was extensive and 
continued for over two centuries, for one of 
these instruction books was printed as late 
as 1760 by Fr. Bartholome Garcia. To the 
somewhat bewildered Indians this ritual 
must have been a bit confusing. Had they 
not always used ololiuqui and peyotl, was 
not divination traditional, and could the 
visions caused by these two plants be other 
than good? One of them seems to have 
sensed the fact that it was better to make a 
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clean breast of it, at once. This sinner, back 
in 1634, made a confession which was re- 
ported by Bartolomeo de Aina in a book 
published at Mexico City: have believed 

in dreams, in magic herbs, in peyote [peyotl], 
and in ololinqni, in the owl, . . 

The admission of his traffic with the owl 
was as damaging as addiction to the two 
plants, for the Church reserved to itself the 
prerogatives of death. And, as Miss Parsons 
points out, the Aztecs considered the perch- 
ing of an owl on a sick man’s house a portent 
that, even today, no Indian at Mitia cares to 
ignore. 

Quite apart from their use in Indian 
magic, these two plants have been and are 
still used for their effects upon the mind and 
nervous system of a people long inured to 
hardship. In the peyotl is found a potent 
alkaloid that interests modern science and 
led Havelock Ellis to use it in an experiment 
upon hunself. The plants are botanieally 
unrelated but their effects are similar enough 
to justify their linkage by Mexican clerics. 
And there is sound reason for the use of both 
ololiuqui and peyotl today. 

This is scarcely surprising, for perhaps 
nowhere has the passionate desire to escape 
from reality been so developed, and so neces- 
sary, as in Mexico. One can not help notic- 
ing it, no matter from what direction one 
enters the country. For instance, in leaving 
the clean efficiency of Laredo, one meets al- 
most too suddenly the dramatic squalor of 
the desert road to Monterrey. Not the in- 
dustrial squalor of cities, but that imme- 
morial stolidity of those to whom nature h^ 
been less than kind. Only with luck, and 
just a little foresight, can these peons hope 
to wring from that cactus waste enough com 
and cattle to carry them through the bril- 
liance of the rainless winter. Here are the 
grim realities of desert life, scarcely miti- 
gated by rare gas stations, and perhaps only 
aggravated by the stream of American tour- 
ists. 

For hundreds of years before we began to 
**do’’ Mexico, and over an area as large as 
Texas, which once belonged to them, these 
Indians of northern Mexico have fought for 
a precarious living. They may he assumed 
to have benefited by the influence of the 
Spaniards and the Church, and always they 


have lived close to their incomparably stark 
mountains — ^towering, treeless, to the blue 
immensity of the sky. But these scarcely 
seem to have been enough — ^the struggle is 
too bitter, the compensations too meager. 
For them the Gods created peyotl, or so they 
think, and who are we to deny the divinity 
of some Aztec deityf 

If, on the other hand, one enters Mexico 
from Guatemala, what a different scene is 
unfolded. The anthropologists teU us that, 
racially, these Indians of southern Mexico 
are different from their Guatemalan neigh- 
bors. But the products of Oaxaca and Chia- 
pas approach more nearly than anything in 
Mexico the incredibly colorful life of the 
Mayans of Quetzaltenango and San Marcos. 

In spite of nature’s apparent bounty to 
those Mexicans that face the Pacific, the 
Indians of Oaxaca are nearly as poor as those 
of the north. Their multi-colored tiles, 
basketry, glassware, silver-work, jade, wood- 
work, and their innumerable shrines are lit- 
tle more than a veneer of recent Spanish, 
overlaying deep strata of pure Indian. Ag^ 
before this shallow coating of modernism, 
their ancestors sought just as passionately as 
their brothers in the north for some mitiga- 
tion of the disenehantments of life. This 
may seem strange to those tourists who think 
of Mitia as the very mecca of enchantment 
compared to the capital. But to the Indian, 
the ruins of Oaxaca are no compensation for 
the age-old problem of some flight from 
reality. For them it has been ololiuqui, just 
as peyotl is for the Indians of northern Mex- 
ico. Trade in both products exists with the 
result that each is now known over much of 
Mexico. But the origin of ololiuqui in and 
near Oaxaca, and peyotl near our Texas bor- 
der, seems well established. 

I 

Throughout southern Mexico, but espe- 
cially in Oaxaca, there scrambles a vine look- 
ing not unlike an anemic morning-glory, to 
which it is closely related. But it has a 
woody stem and so clambers over cactus 
hedges or old walls with more i^rmanenee 
than our common, garden morning-glory. 
After somewhat pei^istent attention by 
botanists, from Linnaeus in 17^ Har- 
vard Universi^ in 1341, mm tmm&c 
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names of tMs plant have now simmered down 
to the liTifl] one, which is Bivea corymbosa, 
a Latinism here injected to quiet the appre- 
hension of former colleagues, and for the 
sake of what is called ^‘the record.’’ 

It has the heart-shaped, pointed leaves of 
most morning-glories, but the whitish, fun- 
nel-shaped flowers are hardly more than an 
inch long. These are followed by a small, 
fleshy fruit, in itself quite useless, but con- 
taining a single, lentii-like seed. This, and 
sometimes the plant itself, have been known 
as ololiuqui ever since the Conquest, and long 
before. The Aztecs may have used the name 
for other plants, but commonly they applied 
it to the seeds of Bivea corymbosa. 

As in so many New World plants, our first 
record of ololiuqui came from the contem- 
poraries of the conquest of Mexico, often 
priestly historians. Quite naturally these 
ecclesiastical chroniclers were outraged to 
find that the use of ololiuqui was a ritual and 
that it had a god of its own, worthy of vener- 
ation if one wished to benefit by miracles. 
One of these Spaniards, Francisco Salverio 
Clavigero, had this to say about the profane 
of the seeds : 

Besides the iisiial tmction with ink another extraor- 
dinary and more abominable one was practiced every 
time they [the Aztec priests] went to make sacrifices 
on the tops of the mountains, or in the dark caverns 
of the earth. They took a large quantity of poison- 
ous insects . . . , burned them over some stove of 
the temple, and beat their ashes in a mortar together 
with the foot of the ocotl, tabaeco, the herb Ololiuqui, 
and some live insects. They presented this diabolical 
mixture in small vessels to their gods, and afterwards 
rubbed their bodi^ with it. When thus anointed, 
they became fearless to every danger. . . , They 
oalied it Teopatli, or divine medicament, and im- 
agined it to be a powerful remedy for several dis- 
<nrders; on which account those who were sick, and 
young chiidreo, went frequently to the priests to be 
anointed with it. 

Joseph Acosta, writing in 1590, had much 
the i^me opinion, but embellished the ritual 
hj adding ; **By means of this ointment, they 
IjeiKmie witcdies and did see and ^eak with 
tile devil. The priests being slobbered with 
tide ointment lost all fear.’* 

That a narootic like ololiuqui dbtould be 
ven^atad by the Aztecs, and have its own 
wMdi was irortii invoking, is entirely in 
witii the experienee of other primi- 
tiro paoplesL And m propitiating the god 


of ololiuqui the Aztec priests sometimes used 
far more colorful methods than the gruesome 
witches’ broth cited above. Gathering their 
gorgeous native flowers, they would repeat 
the formula: ‘‘Come hither, thou, the yellow 
and ardent red one ; come and expel the green 
pain, the brown pain, which now wishes to 
take away the life of the son of the Gods I” 

Whether gruesome or flowery, we see in 
these invocations pure Aztec ritual, uncon- 
taminated by Rome, and as yet showing little 
to make the Church fear that ololiuqui would 
ever interfere with the spread of Christian- 
ity. But the Church misjudged the venera- 
tion in which the plant was held, and should 
certainly be forgiven for not guessing that 
the Indians would soon be mistaMug the Vir- 
gin for an Aztec deity. In fact, a few of the 
lower orders among the Spaniards may also 
have become contaminated by this blasphemy. 
For some, who must have used the seeds, 
were soon committing the enormity of calling 
them, semilla de la virgen. 

As to the veneration in which the plant 
was and still is held, there can be no doubt. 
For the seeds have a three-fold function — 
as a narcotic, a medicine, and as part of the 
ritualistic hocus-pocus of divination. Among 
all but the most ignorant Indians of south- 
ern Mexico the latter virtue of ololiuqui has 
waned. As a medicine, in spite of the De- 
partment of Public Health at the capital, it 
is certainly still in use, mostly in remote 
hamlets such as that in The Forgotten yU- 
lage. 

But its great use, before, during, and ever 
since the Conquest has been as a narcotic 
which is supposed to confer peculiar powers. 
As one old chronicler puts it . . they con- 
sult it as an oracle in order to learn many 
things . . . especially those things which are 
beyond the power of the human mind to 
penetrate. ...” 

Even today we share the ignorance of 
those Indians, because the narcotic proper- 
ties of ololiuqui are, still, something of a 
mystery, for unlike most others, nothing is 
known of the chemistry of the alkaloid and 
glucoside recovered from its seeds. What- 
ever the active principle, it seems to be most 
effective, for it induces ultimately a kind of 
hypnotic sl^p or coma. At first there are 
haUucinations, sometimes preceded or punc- 
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tuated by giddiness, but as in the Indian 
hemp and peyotl, always leading to a kind 
of euphoric bliss. Most Indians who have 
used ololiuqui and peyotl admit that subse- 
quent visions are pretty much the same from 
both plants. Because of this the final stages 
of intoxication from ololiuqui are best under- 
stood by comparing it with peyotl, the pre- 
cise effects of which are far better known. 

The Aztec dosage of ololiuqui may never 
be accurately determined, but the present one 
is almost wholly dictated by Christianity. 
Miss Parsons relates how potent a certain 
number is at Mitla where the Indians still 
confuse ancient lore with the Church. An 
Indian woman will bake thirteen tortillas, 
treasure thirteen beans, store thirteen jars 
of tepache — ^all in imitation of the number 
at the Lord’s Supper. And of ololiuqui they 
similarly take mostly thirteen seeds soaked 
in water. Sometimes an alcoholic beverage 
is used, but it appears to add nothing to the 
narcotic effectiveness of the seeds, although 
it may mask their bitterness, which is consid- 
erable. 

Unlike peyotl, ololiuqui exhibits the phe- 
nomenon of the lone drinker. Mostly used 
at night, it is practically always taken alone, 
and as one old historian puts it, always in a 
place “where he cannot hear even a cock’s 
crow.” In the loneliness of some adobe hut 
the seeker after its effects completes his brief 
flight from reality, lasting about three hours, 
and returns none the worse to the drabness 
of his real world. Dr. K. B. Schultes, the 
leading modern authority on ololiuqui, is em- 
phatic on this lack of serious sequalae. He 
writes that its use “is followed by few un- 
pleasant after effects,” although, like any 
other drug, excessive use may be disastrous 
or even fatal. In modem times it rarely or 
never is. 

In the use of ololiuqui, other than as a 
narcotic, medicine and divination seem not 
te be far apart. The seeds are in no modem 
pharmacopoeia, but in many native ones. 
Beyond some fancied, or maybe real, value 
as a pain-killer the ololiuqui is quite inno- 
cent of therapeutic effectiveness. Its pain- 
killing properties, however, have long been 
surmised, and Dr. Schultes suggests their 
subsequent inv^tigation. But there is no 
question whatever about the hold that ololiu- 


qui has on the imagination of those Indians 
who thi-nlr that it will not only cure their ills 
but tell them things “which are beyond the 
power of the human mind to penetrate.” 

Upon this credulity plays the curandero, 
or medicine man. Is he, too, merely an 
amiable simpleton, or perhaps a misguided 
but authentic relic of old priestcraft, or is 
he just a plain rascal f It depends a lot upon 
the altruism of a man a little too strategically 
placed to remember that virtue. The fact is 
that he generally buys the seeds for a few 
centavos, charges his patients far more, and 
in the process invests them with a magic 
power upon which one can scarcely put any 
price. Maybe he believes it; certainly his 
clients do. 

Apparently the curanderos of today differ 
little from their spiritual ancestors, the 
witch-doctors. Just as valid now, as when 
written in 1629, is Alarcon’s description of 
how a patient fares from his curandero : 

Olironie Mnds whidi tlie cinranderoa have 

pronoimced incurable "with ordinary medicines, are 
attributed to witchcraft and . . . , according to their 
belief, cannot be cnred if the one who has cast the 
spell does not break it. This is the usual way in 
which the doctors mahe profits and wreak much 
injury with the satanic superstitions surrounding 
ololiuqui. . . . The doctor immediately attribute 
the to witchery. ... In order to aid the doc- 

tor, the patient relates Ms suspicions. The deceiving 
doctor immediately orders the use of ololiuqui, and 
the patient foUows the doctor words as though they 
were the words of a prophet or of an oracle. . •* - 

Could any modem quack want more ? The 
simplicity of the method is unique. Narcotiz- 
ing a patient with ololiuqui is far cheaper 
and lots easier than the elaborate hocus-pocus 
that passes for quack psychotherapy. Add 
to this the fact that curanderos offer equally 
valuable services in finding Ic^t articles, 
guessing the outcome of illnei^, or battles, 
and other imponderables, and one has a set- 
up to whet the appetite of modem medical 
imposters. 

It may be that the only honest use of 
ololiuqui today is by those poor, stolid In- 
dians who take it frankly as some mitigation 
of their none too z^tf ul life. As for its use 
by curanderos and in divination, the le^ said 
the better. Certainly no modem appraisal 
of such practices can match the wMom of 
that penetrating pri^t, Jacinto de la Serna, 
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who wrote long ago, is not without con- 
cern that Christian priests see the facility 
with which the devil works among these 
people. . . 

II 

No desert stroller can help falling a little 
under the spell of the cacti, even if they pro- 
voke many questions, "^y should they 
stretch fantastic arms to heaven like the 
sahuaro, or wallow, barrel-like, in spiny 
ferocity, like the meloeactns? Of what use 
is the white, ethereal ghostliness of the night- 
blooming cerens, or the provocative fez of the 
TurkVheadf Why don’t they have leaves 
like other plants, and most of all why their 
utterly unapproachable prickles? And why 
did one botanist so aptly call them The Fan- 
tastic Clan? 

Such questions could be multiplied about 
thirteen hundred times, for that is the ap- 
proximate number of different sorts of these 
weird denizens of the desert, all but a hand- 
ful of which are confined to the New World. 
Few are of any practical use, although some, 
like the tuna, yield edible fruits 5 others, a 
little water for thirsty travellers; a few are 
used for hedges; Aztecs made needles from 
the spines of one of them; the nopal is still, 
although rarely, grown for cochineal; a very 
few make substitute cattle food ; and scores 
are cultivated by fanciers, more for their in- 
terest than for their beauty. In spite of this, 
neither their enormous development in tropi- 
cal deserts, nor the diversity of their forms, 
can shake most of us out of the conviction 
that the cacti are among the most useless of 
all plants— perhaps fit only for destruction, 
Ifte the rank prickly pear in Australia. 

But there is scaredy an Indian in Mexico, 
who would agree with us. No matter how 
many d^p, cactus-dad barrancas he may be 
fmmi to detour, nor how often his tattered 
Mue leans b^ome even more shreddy from 
tfedr cruel spin^ he still would r^ent their 
For he, far better than most of 
1% knows ttsat one of the sstrangest, and to 
juedous, of all the cacti is the 
' I| ai^ually is unique, for not one of 

lb firom Eansas to Ihe Ar- 

can the peyoa in the 

in wiielii k Is hdA, For it is the 
' . oi ^ h»ge family t^t has 


so far produced an alkaloid which will miti- 
gate the intolerable impact of reality. 

Peyotl, in spite of this, is the least impres- 
sive of all the cacti, so inconspicuous that one 
cannot help speculating on who first noticed 
it and who discovered its properties. Such 
speculation is useless, for it was known ages 
before the Conquest, back in some dim period 
for which there are no records. But that did 
not prevent some inquisitive Indian from un- 
wittingly starting a new plant cult. It still 
survives. 

The cause of it all is Lophophora wil- 
liamsii, which is the Latin name of the peyotl. 
It is a curious cactus, seven-eighths of which 
is buried in the ground. This submerged 
part is not unlike a parsnip in size and shape, 
with a single tap-root. Upon this apparently 
stealthy desire to hide itself in the ground, 
Francisco Hernandez put a most charitable 
interpretution. Writing in 1576 , he says that 
on account of its magic properties, “this root 
scarcely issues forth, but conceals itself in 
the ground, as though unwilling to harm 
those who may discover it and eat it. ’ ’ That 
is one of the &st records, incidentally, of the 
potentialities of peyotl, and it was written by 
a physician. 

The only part of the plant to appear above 
ground has led to not a little confusion. For 
the top looks like a cluster of small, button- 
like mushrooms, and many, less observant 
than Hernandez, have frequently mistaken 
them for mushrooms. To further complicate 
the picture there actually was a narcotic 
mushroom in ancient Mexico, recently iden- 
tified and appropriately christened in proper 
Latin, but its use is minor and it should no 
longer befog the history of peyotl. But it 
does, for the error is very old and at the time 
of the Conquest peyotl was often called the 
“Sacred Mushroom.” 

That error left a legacy that generated 
some later confusion. In Texas, where the 
peyotl is also native, the small mushroom- 
like buttons came to be called mescal buttons, 
which is siugularly mappropriate, for mescal 
is an alcoholic beverage of Mexico and bears 
no buttons. In the United States, however, 
mescal buttons will probably always be the 
name for the peyotl, and mescaline is still the 
I^per term for the chief alkaloid found in 
curious dried cacti. 
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To call them buttons,’^ is, to all who 
never saw them growing, perfectly natural. 
Only a comparatively few Indians knew that 
this parsnip-like base of peyotl, was topped 
by a ribbed summit, that unlike most cacti 
it was spineless, and that among these ribs 
were button-like growths, bearing a small, 
rose-tinted flower surrounded by a tuft of 
whitish hairs. These grayish-brown button- 
like growths, which average a little less than 
two inches in diameter, look, when dry, very 
much like a shrivelled mushroom. It is in 
this form that they are sent to the capital, 
and it is only in the form of these “mescal 
buttons’’ that most of our own Indians ever 
see peyotl; here often called peyote. 

The plant is confined to northern Mexico 
and adjacent Texas, is never very abundant, 
and may some day be exterminated because 
its collection has gone on from remote an- 
tiquity. It must once have been pretty com- 
mon in the state of Coahuila, for in 1692 
the priests and the Indians there seem to 
have joined hands in naming a mission El 
Santo de Jesus Peyotes — a variant plural of 
peyotl. That a mission could ever have been 
so named is far more incongruous than to 
see today a Unitarian church named for the 
Virgin. It was even worse, for the Church, 
about a hundred years earlier, had thun- 
dered against the enormity of calling peyotl 
“God’s Flesh.” No blasphemy could have 
been greater, although the Indians then, and 
even today, could scarcely pay a higher trib- 
ute to the Mass. For peyotl is venerated, 
and used, with all the mystic exaltation of 
some sensitive young priest, who for the first 
time ofSciates at the Elevation of the Host. 

in 

That a cactus could cause such incongru- 
ity would be unthinkable if the peyotl did 
not contain mescaline, which is certainly one 
of the most extraordinary alkaloids found in 
the plant world. Because of this, and long 
before the Conquest, Aztec prints were ven- 
erating certain plant cults, notably the pey- 
otl, and doing it with ritualistic rites that 
made the Church shudder. Th^ “heathen” 
priests even had a ceremony which reminded 
the Spaniards of the Christian communion. 
Diabolical as it seemed to them, “how,” says 
Pre^tt^ “could the Boman Catholic fail to 


recognize the awful ceremony of the Eu- 
charist?” 

The gathering and use of peyotl today still 
reminds us of some Black Mass, overlaid by 
Indian lore, and fundamentally dictated by 
what mescaline will do to the brain and ner- 
vous system. And because it is gathered and 
used by several different tribes in northern 
Mexico, the ceremonies differ somewhat. 
Also, to use here the different vernacular 
names for the plant would be to confuse 
something that is really quite simple. 

One tribe begins the collection of peyotl 
in October, and those who are to gather it, 
before starting on their ten day journey, are 
feted by the burning of copal incense. Thus 
consecrated, they proceed to the gathering 
grounds, upon which a cross is erected. 
When the plants are first approached, the 
more devout will cross themselves, in the 
name of the Father, the Son, and Holy Ghost 
— ^the latter abstraction being, to the Indian, 
the peyotl. Flights of arrows, discharged 
right and left of the plants, are to warn off 
evil spirits. During the expedition, which in 
another tribe takes forty-three days, no salt 
or paprika is eaten and all refrain from 
copulation. Many paint their faces and dec- 
orate their hair and hats with feathers to 
indicate devotion to their special gods. 

Upon their return, the villagers welcome 
them with music and dancing. Their pre- 
cious hoard is reverently placed at the foot 
of the cross and sprinkled with a mild alco- 
holic beverage — often tiswin or pulque. A 
sheep or ox is sometimes sacrificed to peyotl 
the next day, and one gets some idea of their 
relative value by the gatherers once charging 
a sheep for a single plant, root and all, with 
its “buttons.” 

Then begins a ceremony, perfectly justify- 
ing an old chronicler in calling peyotl ram 
diabolica^ the devil’s root Today, in defer- 
ence to Christianity, the ceremony starts 
after sundown on Saturday, and ends about 
noon on Sunday, Those who are to partake 
sit in a cirde in a sacred tipi, or on the 
ground, which h^ been well braced for the 
purpose. There is alwa3^ a flickering 
After an opening prayer, each is handed four 
dried “buttons,” or in some tribes dices of 
the rootrlike base. After chewii^, and spit- 
ting out ihe first bitteridi extract the re- 
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maining pulp is rolled into a pellet and 
swallowed at once. In three hours the hallu- 
cinations begin. Of these Lewin says, ‘‘they 
are of such a special nature and so superior 
to reality, so unimaginable, that the victim 
believes birns^lf transported to a new world 
of sensibility and intelligence.^^ 

Certainly no stolid Indian has ever been 
really articulate as to just what peyotl does 
for him and fortunately it does not matter. 
We can the better postpone, therefore, an 
account of its peculiar properties to the more 
lucid explanation of modern doctors and 
Havelock Ellis. But from remote antiquity 
these Indians, as weU as many in the south- 
western United States, have their regular 
peyotl services, which, today, often coincide 
with saint days. 

It seems inescapable that they never dis- 
scKsiate its narcotic properties from divin- 
ity. No one knows in how many remote 
Mexican hamlets this circle of people, who 
seek some flight from reality, think of it truly 
as the gift of God. In some tipis, murky in 
the flickering firelight, there is an altar upon 
which peyotl is consecrated as the Host, no 
doubt by some ancient Aztec rite, and sub- 
sequently taken as communion. In other 
communities a beverage is made from it and 
used as holy water to christen a child. Nov- 
ices, taking their first peyotl, are fanned by 
an eagle's wing while this holy water is used 
to make signs on their foreheads. 

In still other tribes, the peyotl rite comes 
nearer to an orgy than a service, perhaps 
induced by the addition of pulque. Here the 
root is ground up, mixed with pulque, and 
imbibed pretty frequently. To the music of 
a “choirmaster" and his iustrumentalist 
they dance in a circle, singing an unearthly, 
quite unmusieal dirge, without stopping or 
leaving the circle, often throughout the 
night. The padre Jose Ortega, who saw such 
a “service" nearly three hundred years ago, 
d^scrib^ the end thus ; “When the dance was 
aaied all stood who could hold themselves 
m &eir feet; for the majority, from the 
pqyotl and the wine which they dmnk were 
unable to uWzia their legs to stand upright. ' ' 

however, m pietty generally free 
fom mj of debauchery, is rardy 

with idecMie intoxieaticHi, and Is 
facts no doubt dic- 


tated the acquittal of an extraordinary defen- 
dant in a trial in Wisconsin — ^The United 
States vs. Nah-qua-tah-tuck, an Indian liv- 
ing on a reservation. This is far from 
where peyotl grows, but such is the hold 
of the plant on the Indians, that they regu- 
larly imported it from near Laredo, Texas, 
where it grows within sight of the Interna- 
tional Bridge. Such shipments are illegal, 
but the Indians got their supplies by the not 
very subterranean aid of the parcel post. 
Hence Uncle Sam's interest in the case, to 
which he sent a battery of legal and pharma- 
cological experts. 

The Indian testified that far from being 
wicked, peyotl was divine, its use religious 
and before taking it the Indians “invoked 
God, begging Him to make all of them good 
and to keep them from evil." That invoca- 
tion followed an attempt by all the Indians 
to keep out the evil spirits, by the simple 
method of drawing a line about the house. 
Several witnesses were called. They, too, 
testified: “that he ate the peyotl so that his 
soul might go up to God" and “that peyotl 
helped them to lead better lives and to for- 
sake alcoholic drinks." 

At the same trial Thomas Prescott of Wit- 
tenberg, Wisconsin, an American, testified 
that for seven years he had been a “priest’^ 
of a joint society known to him as the Union 
Church Society, and to its Indian members 
as the Peyote Society. At weekly services 
the parishioners either ate peyotl or took it 
as tea, and apparently with much benefit, 
for, “they gave up drink, established them- 
selves in regular homes, and lived sober and. 
industrious lives." As for himself, the Eev. 
Prescott testified, “it stopped me from drink- 
ing, and now since I used this peyote, I have- 
been sober, and today I am sober yet." This 
was too much for the government experts, 
and Uncle Sam decided to go back to Wash- 
ington where the records of this fantastic 
trial still moulder. 

In spite of wandering as far afield as Wis- 
consin, the peyotl cult was originally en- 
demic only in Mexico and the region adjoin- 
ing it in our Southwest. Today the Apaches, 
Omahas, Kiowas, Comanches, and many 
other tribes aU use it, in spite of a United 
Stat^ law against it. All of these know it 
only in the form of “mescal buttons" whicL 
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tiiey import from Mexico and the Eio 
Grande region of Texas. They have many 
modifications of the peyotl ritual, practically 
all religions, one of them closing with the 
song, “This is the road that Jesns showed 
ns to walk in.’’ 

All their testimony, and most of the rec- 
ords from the Conqnest insist that it is not 
habit-forming, nor does it usnally do any 
physical damage to those who use it. Like 
the Indian hemp and ololiuqni, there is thus 
no real addiction problem, bnt as in any 
other narcotic, prolonged over-dosage can 
bring disaster. Bnt centuries of use, al- 
though admittedly confined to only a few 
million people, has left the peyotl with a 
reputation unique among more dangerous 
narcotics. Its effects, so far from being de- 
grading, seem quite the reverse. You could 
make no Indian understand that peyotl was 
ever a moral problem, in the reformer’s sense 
of that word. His answer, if he were gen- 
erally articulate, would very likely match 
those who are. Amd perhaps, who Imows, he 
may be grateful to a particularly under- 
standing and intelligent Englishman who 
tried peyotl on himself and left a very lucid 
record of his experience in the Contemporary 
Beview for January, 1898. 

IV 

One Good Friday afternoon, in 1897, 
Havelock Ellis was sitting in his study in the 
Temple, reflecting upon a “new artificial 
paradise” which had come to his attention 
from Dr. S. Weir Mitchell, a distinguished 
physician, EUis not only reflected upon it 
but had supplied himseK with a collection of 
“mescal buttons” — ^the only name he knew 
for peyotl, as his supply had come from this 
country. 

He determined to see just what mescaline 
did to the brain and nervous system, 
whether he could repeat the “brilliant 
visions” about which Dr. Mitchell had writ- 
ten, and lastly, whether he could remain lucid 
enough to write down his impressions. In 
the gathering gloom of a London afternoon 
he began his experiment, alone, with a fire 
in the grate, for he sensed that he “could 
see these visions best only in a room with 
flickering firelight, as with the Indians.” 

Having made a decoction of three buttons. 


“the full physiological dose,” he drank it 
at intervals for two hours until there was 
none left. Perhaps that took more courage 
than it would today, for maybe he did not 
know that the Indians considered four but- 
tons as a dose. In any case, he felt at the 
last drink of peyotl only a little faint and 
unsteady, which was not very alarming if it 
grew no worse. Generally he avoids men- 
tioning, in the Contemporary Beview article, 
any purely physical manifestations of its 
effects, for he had already written to the 
Lancet on this phase of peyotl intoxication. 
At first, beyond the faintness, nothing at all 
happened, but then, very gradually, pale vio- 
let shadows floated over the page he was 
reading. These were intensified by closing 
his eyes, sitting there in the darkened room 
with only the flickering firelight. 

Later in the evening, the visions “became 
distinct but still indescribable — ^mostly a vast 
field of golden jewels, studded with red and 
green stones, ever changing. This moment 
was, perhaps, the most delightful of the ex- 
perience, for at the same time the air around 
me seemed to be flushed wdth vague per- 
fumes, producing with the visions a delicious 
effect” 

At about this stage he felt “a tremor of 
the hands, which, later on made it almost 
impossible to guide a pen as I made notes on 
the experiment; it was, however, with an 
effort, always possible to write with a pen- 
cil.” He, like numerous others, felt what 
Lewin has so aptly described as “a kind of 
removal from earthly cares and the appear- 
ance of a purely intemal life which excites 
astonishment.” He saw indescribably beau- 
tiful colors and forms, but the latter “never 
resembled familiar objects.” 

Such effects, as seen through the ey^ of 
this intelligent recorder, must appear to the 
stolid Indian as even more fabulous. 
Changes of sense, hearing, color, perceptions, 
taste — ^how could they fail to denote divinity 
to those Mexican Indians, who, poles apart 
from Havelock EUis, were united for that one 
afternoon, in the ecstasy of pure enchant- 
ment. 

EUis did not exaggerate when he called 
peyotl an artificial paradise. He became so 
enthusiastic that he subsequently tri^ pey- 
otl on an artist friend, but nearly “killed 
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by giving four buttons which, besides 
the visions, induced heavy breathing and 
numbness. Later he tried it on two poets, 
using his own dosage and taking careful 
notes on the eJSects. They matched or ex- 
ceeded his own. 

He sums it all up by saying it may be 
dangerous to weak people but gives wonder- 
ful effects to robust ones. “It may at least 
be daimed that for a healthy person to be 
once or twice admitted to the rites of mescal 
is not only an unforgettable delight, but an 
educational influence of no mean value/’ 

More than thirty years later, Dr. Eric 
Guttman of the Maudkey Hospital, London, 
became convinced that mesealme was a plant 
alkaloid decidedly worth more investigation. 
He used mescaline, the pure alkaloid, rather 
than the “buttons” so as to control the dos- 
age more accurately. In recognizing mesca- 
line as the pertinent alkaloid of the peyotl, 
he rejected the suggestions of Dr. Lewin, of 
Berlin, who insisted that he had isolated an- 
other and more important principle of peyotl, 
and that it came not from Lophophora toiZ- 
but from another species, named for 
him Lophaph^a lewinii, a plant no longer 
csowdered distinet from peyotL Having 
cleared away this pharmacological and ho- 
tanical wreckage, Dr. Guttman was ready to 
abidy jnst what mescaline did to the mind. 

He chose sixty people “of sound mind” 
who vcdunteeired for the experiment. It is 
impoesihle here to retail the experiences of 
all ihoi^ who contributed so much to our 
Jwwrtedge of what peyotl w^ But a few 

for hidumom One of them reported, 
afiteir the initial intoxication had i>roceed€d 
whife% 
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never still, crossing and interweaving in an endless 
flow. Every line was duplicated, its outline repeated 
again and again, growing at each repetition fainter, 
until, infinitely multiphed, it receded into eternity. 
New color entered upon the scene. The white lines 
turned to yellow and orange, thickening until broad 
patches of brilliant color glowed against the black, 
always beautifully defined. Other colors appeared, a 
superb emerald green, iridescent as a humming bird’s 
wings, red like the sound of a trumpet, a flaTvimg 
orange, a vivid purple. 

Another volunteer saw a heavenly body 
“which was glowing like an iridescent 
plum pudding suspended in the sky exactly 
a hundred miles above the earth.” Light- 
ning and snow-elad mountains appeared 
which seemed to demand that the former 
should strike. Then he saw his “plum 
pudding” had changed into an Aztec figure 
to whom “innumerable pairs of white up- 
lifted arms” were stretched in supplication. 
“I looked again at him to see how he was 
proposing to respond to these supplications, 
and was surprised to see that he had changed 
into Dr. N., who was at the same time, God. 
He seemed about a mile high, and I saw him 
in profile, dressed in a long white robe or 
toga, like Caesar, participating in a triumph 
— a wonderfully majestic figure. In his ex- 
tended right hand he held the lightning in 
a flickering sheath of electricity. ” 

If a London medical student could mi^g tflke 
a colleague for God, under a controlled dos- 
age of mescaline, perhaps the padres were 
right in th inkin g that Aztecs were doing pre- 
cisely the same thing with peyotl four thou- 
sand miles away, and much more than four 
hundred years ago. 

It takes little flight of the imagination to 
understand how ololiuqui and peyotl came 
to be what they are. For both of them have 
provided at least temporary rdease from the 
corroding curse of boredom, appreheusioii, 
and disenchantment Perhaps the fortu- 
nate among us, who of course never suffer 
these evils, not only can understand, but may 
f orgiv^ those patient Tndiann for their plea, 
“Oome and Expel the Green Pajn.^’ 



A BOTANIST’S DOMINICA DIARY 

I. IN AND ABOUT ROSEAU 
By W. H. HODGE 


The geographies included Dominica in the 
wet tropics; the travel guides warned of a 
rainy summer season; and when the deck 
steward casually remarked, after a fair pas- 
sage, that there would be rain all right in 
Roseau, we actually were glad to receive the 
first welcoming Sunday deluge at anchorage. 
It was all a sort of promise, for an island 
that thrusts emerald-green peaks into blue- 
black clouds must catch lots of rain, and lots 
of rain means lots of plants — ^which are to a 
botanist what pie is to a small boy ! 


Botanists will easily see with what joy and 
excitement we looked forward to meeting the 
new and exotic flora of a real honest-to-good- 
ness tropical isle. We sighted our island on 
a Sunday, the same day of the week on which 
Columbus himself discovered this paradise 
(Dominica was the first landfall, November 
3, 1493, of his second voyage) and because 
of that fact called it Domingo, the Spanish 
for Sunday — and hence Dominica. 

Roseau, the chief town of the island, which 
itself is little more than an overgrown vil- 
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® taghfly jammed apon the only avail- alarm clock that awakens the town. The 
^ gro^ Ixmierii^ the ru^ed white docks swarm with Negro folk eager to 
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Wr. The aaetmi. ^ a. steamer fe lie steamer trank filled with liquids, alcohol. 
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formalin, and other miseelianeons preserva- 
tives, is no feather for anyone’s cap, and yet 
with this upon his head our blaek Atlas 
added a tightly packed valise plus two large 
cartons of plant-pressing materials ; beneath 
each arm was placed a smaller package, and 
in each hand a suitcase just for balance! 
Thus assembled as a walking express he made 
his quarter-mile trek to our lodging place. 

The departure of the steamer soon enables 
the turbulence of the town to settle out, and 
business, again quiet, focuses on the next ar- 
rival. The banana piles by the jetties have 
been depleted; bare-foot country peasants 
wend their way home to their palm-thatched 
mountain homes, or ajoupas; the fisherfolk 
while aw^ay their time offshore, where in the 
blue deeps flying-fish, red snappers, dolphins, 
kingfish, tnnny, or jacks may be had for the 
fishing; and on the checkerboard of clean 
streets little groups of natives are quietly 
gossiping in the heat of the day, while the 
serenity of all is reflected in the chickens 
which wander from gutter to gutter picking 
up those few scraps that may have escaped 
the eyes of the early-morning sweepers For 
inhabitants of a tropical town, the people 
have been well schooled in the necessity of 
cleanliness, as the results show, for Dominica 
-is one of the most healthful of all the West 
Indian isles. 

Tiny Roseau has but one real attraction — 
her botanic gardens. In the beauty of this 
well-kept English park, which complements 
rather than vies with the natural vegetation 
of the surrounding mountains, one can find 
growing nearly all the outstanding represen- 
tatives of the world’s tropical flora. Indeed, 
the Roseau Gardens are famed as among the 
best in the West Indies; they possess par- 
ticularly one of the finest palm collectioim 
in the Western Hemisphere. Within its 
gates are held many of the sporting activi- 
ties of the island, for enclosed by a row of 
spreading saman trees is a well-kept green- 
sward, site for weekly invitation cricket 
matches; here on Sundays the populace i^- 
laxes, enjoying the lush beauty as does a 
throng of New Yorkers set loose in Central 
Park. The larger part of the botanical es- 
tablishment is at present set off for economic 
plant research designed to improve the pro- 
dnctivene^ of the island’s agricultnre 



THE TOWN OP EOSEAIJ 

THIS SMALL CAPITAL TOWJST IS LAn> OUT ON A 
DELTA, WHICH IS THE ISLAND ’S ONLY FLAT LAND. 


through the introduction of new crops or 
of disease-resistant strains of the old. 

The gardens early in the morning are a 
meeca for all life. The cassias, poincianas, 
and samans attract swarms of humming- 
birds, blue-crested, green, and red-throated, 
as well as king bees, in size hardly distin- 
guishable from the avian visitors. It is not 
unusual to see a mixed company of almost 
a hundred of these bees pirouetting among 
the branches of a single large flowering tree. 
The buzzing of wings in the air has an ac- 
companiment of rustling in the ground litter, 
the dead leaves which, characteristic of ever- 
green trees, are ever-present on a tropic 
forest floor. Running this way and that 
always just beyond reach are beautiful blue- 
backed skinks, or ground lizards, interrogat- 
ing the presence of the two-legged intruders 
with lightning-like protrusions of their 
tongues. In a r^on of bonntiful insect 
and vegetable food it is no wonder lizards 
abotmd, and their eemelms crashing around 
in the underbrush creates a racket far out 
of proportion to the creatures’ size. 

Prom the rear of the gardens rise the steep 
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BANANA LI6HTEES NEAB THE EOSEAU ANCHOEAGE 

SIHCB OOKINICA HAS NO GOOD HASBOB, SHIPS HA.VE TO ANCHOE OPPSHOEE. IN THE EIGHT BACK- 
®OUND IS THE 80BTHWESTKEN TIP OP THE ISLAND — SCOTS HEAD — ONCE HEAVILT POETIPIED. 


slopes of Morne Brace, from wliose summit, 
reached by a zigzag path, can be seen all of 
Boseau from the tiny wharves to the spread 
of the gardais. several hundred feet below. 
What i»st sights the Morne must have seen, 
far like her gjant sMer peaks towering in the 
heHsh^raomd she mesAtxks a part of the Carib- 
beva has always been ^amorous, having 
htxm m her heaving swells 

Optfli «aiOK)i^, galleons, French and 

= *?oa8<y, even in waifene, 
of Boeean’s guardian 
ffSS^isimeKhfft«wfhewestera the 


shrine and cross overlooking ' the town, on 
the eastern crest by an old mango tree which 
hangs over one of Dominica ’s most accessible 
and breath-taking panoramas — a view of the 
mountain-bordered Koseau Eiver Valley 
clambering far below, yet ever upward to the 
base of the Lake Mountain and the rising 
point of the snn. 

Pew of Dominica's highways extend for 
more than a dozen miles, although the Ports- 
mouth-Marigot ^‘turnpike" has the unbe- 
lievable length of twenty-two miles 1 What 
Domimea^s roads lack in length and width 
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they make up in startling views and sudden nut palms making alluring the seaside hovels, 
grades and curves that tr^" to break the picturesque with their gaping fauna of na- 
vehicle in two. The wonder is not the tives, chickens, and mongrel dogs and shel- 
scarcity of roads but that the government tered by the ever-present breadfruit or 
authorities were able to construct any. Take mango tree. Like leaf-cutting ants in one 
a range of mountains rugged and precipi- continuous line, the road-pursuing human- 
tons ; dip them into the Caribbean so that ity presented an ever-changing aspect ; these 
5.000 feet of their summits rise sheer from by the sea are fisherfolk — one would readily 
the sea ; cloak them with verdure that only know it ; boats, half rowboat, half canoe, are 
the rainy tropics can produce; then try to drawn up everwhere on the beach or are 
cut roads through — roads that will stick to stored beneath palm-thatched shelters; in 
the sides of the deep ravines and valleys and the shade of this shanty is a weaver of fish- 
that will not be obliterated at the first daily pots ; just beyond, around that inviting 
deluge. Here in a nutshell are the ditfienl- curve, the knell is being sounded for the sale 
ties of Dominica road-building ! of a pile of still-brilliant blue parrotfish, the 

Walsh w^as a good driver and the scenery purchasers called by the low moan of the sea, 
on the way to Bellevue was fascinating ; first emitted by a conch horn. But the road can- 
came the shore road with its border of coco- not continue forever to the south for Pointe 



UNLOADING PLOUE NEAE THE EC^EAU ANCTOBAGE 

SUCH COMMODITIES AEE IMPOETED CANADA BUT, BECAUSE OF THE WA% IMFOaTS MMm 

PBACTICAIiLY STOPPED. THE HOGSHEADS ON THE EIGHT CONTAIN MANGOES FEEPAKID Wm E3EPQIST- 
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Michel and Scots Head are just beyond, and 
then nothing but sea. Sure enough, Walsh 
turns east abruptly at Loubiere — ^the scene 
of a desperate attack (1805) on the island 
by Napoleon’s General La Grange — and the 
road pitches steeply upward. The scenery 


rapidly changes ; there are fewer tiny houses^ 
but here and there a larger estate house 
appears among the foliage. Cocoa trees 
now border the roadway, banana plots are 
everywhere, and still there are the wayfarers 
descending now in waning numbers from no 
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one knows where, down, down, down into 
the town carrying a cross-section of the 
island’s produce. Take a look at the various 
loaded heads. Most common of Dominica’s 
coiffeurs is a bunch of green bananas prob- 
ably bound for the distant Canadian markets. 
Clarice, our maid, tells us that a woman will 
probably get a shilling for growing the 
bunch, carrying it a dozen miles, and deposit- 
ing it at the island’s cooperative banana ex- 
change. 

Bananas are not the only story though, for 
mangoes, like oxhearts, dasheens, and bread- 
fruits, are piled high on the heads of these 
human truckhorses. Now a walking hay- 
stack approaches, and only when near do we 
find the beast of burden to be an old woman 
with maidenly carriage. 

For six long miles we had been thrusting 
the engine of the ear into the sky ; every one 
of the many turns was a possible jumping-off 
spot to a green, stream-gouged, verdant 
chasm, hundreds of feet below. What civ- 
ilization had existed had long since disap- 
peared, and the plantain-covered slopes, un- 
believably steep for cultivation, were being 
claimed by a vegetation born of nature. 
Tree ferns, as only Dominica can produce 
them, predominated, arching over the road- 
way and filtering motes of sunlight through 
a ffligree of fronds. There are five kinds of 
tree ferns on this little island plus about 200 
other fern species, which vary from thirty- 
foot arborescent giants to tiny filmy epi- 
phytes scarcely a quarter of an inch high. 
Eeal variety when one considers that so- 
called ferny New England can boast of a 
mere sixty odd species ! 

Near Bellevue we found heaven in a castle 
ill the air, a mcdest one-story dwelling tied 
to the ground by a ten-foot poinsettia hedge. 
The simplicity of the walls of the three rooms 
well set off the landscape murals that were 
the mountain vistas framed by the screenless 
windows (no insects). There were no elec- 
tric lights, fans, or refrigerators, no hot or 
cold running water, no tennis courts or swim- 
ming pools — none of those things that make 
life so like a yardstick. 

The sole boundaries of this kingdom were 
mountains; behind our cloud-swept castle 
towered Mome Anglais, supported it seemed 
by two lofty coconut palms, sentinels at our 


back door. Beyond our front steps two other 
peaks rose, one to the north and one to the 
south, the shoulders of the latter, Morne Plat 
Pays, slipping into the Caribbean only, it 
seemed, to rise again thirty miles due south 
in the hazy mirage that was catastrophic 
Mount Pelee on distant Martinique. Close 
at hand, for our work, was the untrammeled 
rain forest; a bare hundred feet from the 
back door and in another direction were the 



ALL LOADS ARE “HEADED’’ 

MAN ON THE LEFT IS THE ROSEAU -ROSALIE POST- 
MAN WHOSE ROUTE CARRIES HIM FIFTEEN HARD 
MILES ACROSS THE ISLAND’S RUGGED BACKBONE. 

cultivated areas which represented our vege- 
table supply. 

Every kingdom must have its subjects, and 
Lisdara was no exception. Most important 
was Clarice who managed our day for us ; it 
was she who woke us with the birds ; she was 
the cook as well as our maid and lady-in- 
waiting, and besides all this she fulfilled the 
position of technical assistant, interpreter, 
and publicity girl. Could we have asked for 
more, especially at five shillings a week? 
“Master,” she would say, “your plants are 
about cooked,” and the Master, whose plants 
could only be dried by means of artificial 
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THE BOTANIC GARBENS 

MOENE BEUCE ANB SHEINE DT THE BACKGROUND. 


heat, would run to the improvised rain-barrel 
heater in the kitchen to replace the ‘^cooked’’ 
plants, in press, with some fresh specimens. 

On an island not noted for the excellence 
of its communication system, it was little 
short of miraculous to find that knowledge 
of our coming had long preceded us. Our 
equipment had scarcely been unloaded when 
a babbie of native voices, conversing in the 
universal creole patois that bespeaks a for- 
mer French aflSliation, descended upon us, 
and Clarice burst in with, ‘‘Men are with- 
out to sell you things!” Dominica venders; 
how they ever knew vre were scientists still 
baffles me, but here they were on the front 
steps. There were old men and young men, 
boys and even children, each with his little 
contribution for sale — Chopping crapaux 
(frc^), a iite ehien (Dominica boa), geckos 
and centipede, blue crabs and black crabs — 
everything except plants! It did not take 
m long to venture into the green of the forest 
beyond the house and onto a trail which 
dipped eifter down or up in one of the only 
two piMiWe diroetions, through forests that 
dripped, for at this altitude we 
wwo m An umbrella was 

a in the rainy season ; 

hot for the eamera, since 
Aew fee wift all 


set up on tripod, the elements would not open 
up and drench the equipment. In Dominica 
there is seldom a steady downpour but rather 
a series of short cloudbursts from the pufEy 
cumulus clouds that are pushed along by the 
moist east-west trade-winds. Their shadow 
paths are marked by sheets of water which, 
starting upon the distant forested slopes 
with a low moan, rapidly increase to a roar 
in the nearby trees only to prance upon the 
corrugations of the galvanized roof with a 
flailing power that drowns out sounds be- 
neath. It is fun to predict the weather in 
the mountains. A good estimate is that on 
fair days it rains “cats and dogs” about 
once an hour, whereas on rainy days a deluge 
can be expected about once every fifteen min- 
utes. No wonder rainfall can be measured 
in feet, for the annual precipitation at 2,000 
feet altitude is well over 200 inches, while 
at 4,000 feet rainfall is enormous, probably 
reaching 400 inches a year. Such incessant 
rain certainly is a boom to plant life. Our 
pet cotlette tree in the front of the house 
proved this well, for all over its limbs, in 
Dominica luxuriance, sat scores of guest 
plants — clambering ferns, brilliant brome- 
lias, and tiny orchids. Several hours of 
collecting from just this one tree gave hint 
of the riotous production of the tropics. 

To make good botanical specimens tropic 
plant collections require artificial heat, lack 
of which in a supersaturated atmosphere 
means attack by mold and mildew, chief 
enemies of the botanic collector. We had 
filched one of the galvanized rain barrels 
used to collect our water supply. In the 
bottom was placed one of those little char- 
coal stoves, common on the island, and on 



A LOCAL MOUNTAIN FROG 

FROOS' LEGS, CALLED MOUNTAIN CHICKEN/^ 
AEE THE TENDBREST DELICACY ON THIS ISLAND. 
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vrhieh in some unbelievable fashion Clarice 
would prepare everything that went into a 
fuU-eourse dinner. Across the top of the 
barrel were placed the plant presses; thus 
arranged, the heat rising through the corru- 
gated channels of the press would in a day 
thoroughly dry all succulent specimens. 

Work was interrupted only by meals, 
pleasantly varied so as to be exemplary of 
West Indian offerings. Our menu included 
mountain chicken/’ the tender legs of a 


feet served with cucumbers and condiments. 
As side dishes one could expect the ubiqui- 
tous banana, prepared often as a vegetable 
and served in a multitude of delightful forms 
running from baked plantain to a fried form 
which reminded us of candied yams. Fruits 
were from Heaven, just out of the window ; 
the juicy sweetness of mangoes or fresh pine- 
apples, the pulpy whiteness of a sugar-apple, 
or best of all the indescribable flavor of a 
garnet mangosteen ; we tried them all. 



TROPICAL PLANT COLLECTIONS REQUIRE ARTIFICIAL HEAT 

AH OLD OIL DRUM, CHARCOAL FIRE AHD NATIVE LEAH-TO ARE AIDS TO THE DOMINICAN BOTANIST. 


mountain frog called crapaud, in patios. 
These were caught by means of flares at 
night, and twelve cents’ worth supplied a 
delicious meal. Another meat was smoked 
agouti, greatest delicacy the island can offer, 
with a wild flavor nearest to ham and pre- 
pared from the island’s piglike native mam- 
mal (Dasyprocta) ; crab-backs, crab-meat 
served in the shell of the omnipresent cirique 
land crab; intri, slender minnowlike fish 
which in season ascend the rivers in such 
numbers as even to fill the water supply and 
startle the stranger by swimming around in 
his bath ; souse, the Dominica Sunday break- 
fast dish made of long-boiled pickled pisr’s 


In 1791 Thomas Atwood, writing a history 
of Dominica, noted that two-thirds of the 
island was covered by forest. This forest 
area still remains intact for, although the 
companion Antillean islands, because of 
their comparative lowness and accessibility, 
have lost much of their original stands, 
Dominica alone has retained them. Her 
loftiness has been at once her savior and the 
millstone around her neck, for, although her 
heauty has never aged, she has had to sacri- 
fi(?e riches for it since eeonomically speaking 
Dominica is poor. Her soil is rich, but the 
difficulty is to cultivate soil which is situated 
on what are for all intents and purpc^m 
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ninety degree slopes and wliicli when cleared 
of forest become sterile and eroded away by 
landslides caused by incessant rain. 

It IS amazing, under such adverse condi- 
tions, that fruit culture should prosper; and 
yet it does, with the aid of empire tariffs 
Every other Saturday when one of the shim- 
mering white mail ships (now in wartime 
camouflage) announces itself with a clatter 
of anchor chain, there are at Roseau upward 
of ten to twenty thousand stems of bright- 
green bananas lying in their packing of coco- 
nut rubble awaiting shipment to Canada’s 
northern markets This fortnightly ship- 
ment represents chiefly the cumulative addi- 
tions of small native gardens. A Dominica 
peasant may be “as poor as Job’s turkey” 
but he usually ovms land, for land is avail- 
able to almost anyone who will keep it cleared 
and cultivated; furthermore, he never need 
worry about taxes, for this is one of the 
places in the world which knows nothing of 
land taxes! For the lover of the outdoors 
this is the place to retire, on an island where 
forested crown lands are still available at 
#2.50 an acre. Since the exposed coastal soils 
are the poorest and least productive, most 
peasant holdings are situated inland far 
from the seaside villages, and so we may add 
that Dominica’s agricultural peasantry is a 
race of commuters, daily walking lengthy 
distances over rugged terrain from their tiny 
homes in the villages to their gardens hang- 
ing onto the precipitous sides of volcanic 
peaks. No wonder the toiler of the soil re- 
mains poor! The best part of his day is a 
tedious hike to and from his tiny mountain 
plot, and as one native so aptly put it, he 
has to rest the intervening period in order 


to gain enough strength to walk home again I 
Perhaps it is this strength that the average 
w^ayfarer has in mind when he tries to get 
some quick energy by thieving some of his 
neighbor’s produce from the garden by the 
road. To guard against just such plunder- 
ing is the purpose of many of the inacces- 
sible little cultivated plots that the traveler 
sees far above the trails; and knowing this, 
one can understand the little signs in the 
Roseau market place that read “Licensed to 
sell protected produce.” 

But although bananas help to bring what 
little wherewithal this tiny isle possesses, 
Dominica long ago associated itself with 
limes and lime production. So weU at first 
did the cultivation of this fruit progress that 
at the beginning of the first World War the 
center of the world’s lime industry was 
focused on the coastal plantations of this 
Windward isle. Green limes, pickled limes, 
raw juice, citrate of lime, essential oil of 
limes, and Otto of limes — all found their 
way to the United States and to parts of the 
British Empire. It is said even that the 
English term “limy” originated here. It is 
true that Dominica juice was issued for many 
years to the British Navy on account of 
its antiscorbutic properties, and only the 
transfer of affection for economy’s sake from 
empire-grown limes to Sicilian lemons suc- 
ceeded in again causing the strangulation of 
a prospering industry. New citrus diseases 
have not hindered its decline, nor have the 
ravages of periodic hurricanes, which, born 
in the Atlantic east of the island, increase 
sufBeiently in fury to roll up heavy devasta- 
tion in the orchards. 

{To "be concluded) 



WOOD COMES OF AGE 

By F. J. CHAMPION 


Ix the inevitable postwar struggle of raw 
materials for commodity markets, wood will 
meet intensified competition from metals, 
plasties, ceramics, glass, and other products. 
But wood, like competing materials, will be 
available in improved forms — ^for the cen- 
turies of empiricism in the use of wood are 
drawing to a close and at last w’ood is tech- 
nologically coming of age. War has tre- 
mendously accelerated the process. Even 
now a number of new products of the forest 
are already serving the war effort, and the 
ironing out of technical shortcomings and 
production difficulties of other forest prod- 
ucts is being so stimulated that develop- 
mental w’ork ordinarily requiring years is 
being accomplished in months. 

Some of the new wood derivatives and 
modified wood products are so altered as not 


to be recognized as wood; others look like 
wood but magnify wood’s major virtues and 
add to its versatility Notable among the 
improvements in properties is the reduction 
of swelling and shrinking characteristics of 
normal wood that have often limited its 
serviceability. 

Some of the new^er w’ood products, already 
established in the service of war production 
and now past the period of development and 
trial, are in use in the construction field. 
Moisture-resistant plywood is notable in this 
field. The development of ordinary ply- 
wood, a product that dates back hundreds 
of years, made wood available in large sheets 
having properties more nearly uniform in all 
directions than normal wood, but it was only 
when weather-resistant glues were developed 
that this material assumed major importance 
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BUTTEESSED GLUED LAMINATED WOOD AECHES POE FIELD HOUSE 

GTTSTAVUS ADOLPHUS COLLEGE. THESE PROVIDE WIDE SPANS WITH UNOBSTRUCTED PLOOR AND OVERHEAD SPACE. 


as a material for outdoor uses, especially for 
housing and for industrial and farm struc- 
tures. 

A considerable portion of the effort toward 
mass production of housing — conventional, 
prefabricated, and demountable — achieved 
significant headway only with the develop- 
ment of water-resistant phenolic-resin glues 
for structural plywood. 

One of the earliest successful efforts to 
design a practical factory-fabricated system 
of building units for house construction 
based on plywood took place at the Forest 
Producte Laboratory of the Forest Service, 
U, S- Department of Agriculture. Using the 
n^oeoqiie or stressed-skin principle com- 
mon m design, plywood-covered 

umils planned to a 4-foot modulus, 
moisture barriers, 
wiring, tte., d<^%ned, and several model 

were greeted m the Forest Products 
at Madi^n, Wiromsm, 


and are still giving satisfactory service after 
eight years of testing, observation, and occu- 
pancy. 

The plywood covering of all the wall, floor, 
roof, window, and door units was glued, 
rather than nailed, to a light structural 
framework. One model house, when it was 
demolished to make way for another struc- 
ture, showed ample resistance to wracking 
tests not likely to be encountered in any- 
thing short of a hurricane. 

The stressed skin principle implies that, 
unlike conventional frame walls which con- 
sist of a heavy framework on which coverings 
are suspended as dead loads, the stressed skin 
panels divide the weight of the structure 
between the frame members and the glued-on 
plywood, hence the light framework used and 
relatively thin exterior walls (3 inches), and 
the ease and speed with which the units can 
be erected. 

The Pore^ Products Laboratory pref abri- 
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cation system, with modifications suggested 
by the experience of various fabricators and 
erectors, has been widely adopted and its 
influence is seen in the thousands of prefab- 
ricated plywood units that now shelter work- 
ers in war-crowded communities. 

Heavy timber construction has made two 
important advances in recent years — ^modern 
connectors for improving timber joint 
strength and glued laminated arches — both 
items coming into considerable use just in 
time to help build man.y war structni’es, from 
shipvrays to camp recreation centers. 

The weakest links in any conventional tim- 
ber construction obvioudy are the joints, 
where loads are passed from one wooden 
member to another. Because of the rela- 
tively small cross sections of the steel bolts 
used, these transmitted loads are applied as 
shearing forces on areas of an inch (or less) 
of wood. Modern connectors are iron, steel, 
or even wooden rings, plates, or dowels in- 
serted between timbers and surrounding the 


bolts to bring greater areas of wood into 
bearing and consequently to greatly increase 
the over-all strength of an entire timber 
structure. 

To illustrate the effect of the metal con- 
nectors, wood radio towers, formerly limited 
to a height of about 100 feet because of the 
limitations of joint strength, can now be 
erected to a height of 800 to 400 feet The 
use of connectors has been estimated to have 
saved 400,000 tons of steel in 1942, beside 
assuring joints 4 to 5 times as strong as any- 
thing possible w'ith bolts alone. In many 
wood shipways, factories, warehouses, rail- 
road bridges, and similar structures, con- 
neetor-biiilt joints are the literal sinews of 
war. 

Other limitations of wood in the structural 
field have been surmounted by the engineer- 
ing of large glued wood arches. Wood 
structural members are no longer limited by 
the practical size limits of timber coming 
from the mills, nor limited in shape by the 
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A FULL SIZED GLUED LAMINATED ARCH 

BlIHG TES™> XK THE MIL1.I0N-P0TJNI> TESTING MACHINB AT THE UNITED STATES FOREST PRODUCTS LABORATORY. 


fact that tree bol^ bear little resemblance to 
trasses or arebes. 

The me of glued arches in this country 
received real impetus when the Forest Prod- 
ucts Laboratory undertook basic investiga- 


tions and tests and published data that made 
it possible for American construction men 
to design wood arches on sound engineering 
principles. Arches in use today vary from 
flat ellipsoid types with a clear span of over 
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150 feet to small Gothic type arches that have 
been used to build small churches having 
surprising architectural appeal, resulting 
from using the arches as a conspicuous 
feature of the interior. 

Laminated arches are fabricated to order 
at the factory, shaped to the function which 
they are to perform, with thick sections 
where stresses are concentrated ; curved and 
tapered to follow side wall and roof slopes 
and to conform to the varying concentrations 
of load. Glued arches are classified as slow 
burning and require no special sheathing to 
guard against sudden failure in case of fire. 

Hundreds of tons of steel have been saved 
during the period of preparation for war and 
since Pearl Harbor by the employment of 
glued laminated wood arches in factories, 
hangars, drill halls, and similar structures. 
Seagoing counterparts of the glued wood 
arch are the glued laminated ship keels and 
frames now going in hundreds of small naval 
craft to take the place of hewn timbers of 
large cross section. 

The demand for moisture-resistant ply- 
wood construction for both airplanes and 
naval craft has led to new refinements in the 
fabrication of plywood that will inevitably 


be of permanent service in consumer goods. 
Perhaps the most striking development in 
this field has to do with the molding of 
weatherproof resin-bonded plywood to the 
curved shapes associated with marine archi- 
tecture and the requirements of aerody- 
namics. 

Where ordinary die molding will not suf- 
fice to produce parts having pronounced 
curvature or curvature in two planes, fluid 
pressure molding or so-called bag molding is. 
resorted to. In this procedure strips of thin 
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A PT BOAT WITH HULL OF PLYWOOD 


plywood coated with glue are laid up on the 
contours of convex or concave molds, and 
held in intimate contact with the mold by 
inflating or deflating a pressure bag or 
blanket against them until the glue has been 
set by heat supplied to the mold or bag. 

The principle can be illustrated by laying 
strips of paper over the contours of a tea- 
cup, covering the whole with a rubber toy 
balloon and exhausting the air until atmos- 
pheric pressure molds the rubber and strips 
to the contours of the cup ; or by lining the 
inside of the cup (a concave mold) with the 
paper strips and inflating the toy balloon 
inside the cup. 

Half fuselages, complete with bonded 
structural members, have been produced by 
bag molding, as have also small boat hulls, 
and many small aircraft units such as nose 
and tail cones, and air ducts and scoops. 
Cotnplete planes made up of molded units 
have bwt built and successfully flown. 

The mmi recent group of new wood prod- 
ucts indttte ^*impr^/^ ""^oompreg/' **hy- 
droxylin,^^ ^‘papreg/^ an4 ‘‘uralloy/^ and 
products similar to th^e labora- 


tory creations. These materials, illustrating 
the scientific approach to modification of 
wood properties, show the most striking im- 
provement over the usual properties of wood 
This can be credited to the fact that all owe 
their origin to chemical or physical modifi- 
cation of the basic cellulose-lignin units of 
minute wood structure. All of these prod- 
ucts base their invention on the knowledge 
that lignin, the cementing substance which 
surrounds and binds the cellulose fibers, can 
be plasticized by chemical treatment and 
made to flow, and on the fact that the physi- 
cal behavior of wood can be made more stable 
by bonding added chemical groups to the 
cellulose of the fiber wall and the interfiber 
lignin. The result of proper application of 
these facts is to fortify wood against its pri- 
mary shortcomings, pronounced moisture 
fluctuations and resulting swelling and 
shrinking, susceptibility to fungus organ- 
isms, and to fire, and in some instances defi- 
ciency in strength properties. 

Impreg is resin-treated laminated wood 
with a high degree of moisture resistance 
(hence low swelling and shrinking) and im- 
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proved resistance to decay, fire, and to sur- 
face checking and weathering. In the 
inannfaeture of this product sheets of veneer 
are impregnated with a water solution of 
resin-forming chemicals, then dried and 
cured to cause the resin to polymerize or set 
within the wood The treated veneei*s are 
laid up and hot-press bonded with resin 
glues to form a superior plywood. Success 
of the resin-impregnation treatment is de- 
pendent on selection of a resin and impreg- 
nation method that brings about not only 
introduction of resin to the hollow interior 
or lumen of the fiber but also a chemical 
bonding of the resins to the cellulose fiber 
wall itself. Thus the fiber is altered chemi- 
cally and is no longer free to exercise fully 
its affinity for water and to swell as moisture 



SECTION THEOUGH COMPEEG PEOPELLEE 

is absorbed and to shrink when moisture is 
given up. 

Impreg resembles natural wood unless 
dyes are added to the impregnating resins. 
When light-fast dyes are found for impreg 
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UNCOMPRESSED LAMINAE AND TWO GRADES OF COMPREG 

UNCOMPRESSED RESIN-TREATED LAMINAE AND COMPREG PRESSED AT 250 AND 1,000 POUNDS PER SQUARE INCH. 


it will be possible to produce this durable 
material in colors completely permeating at 
least the outer thickness of veneer, thus obvi- 
ating the need of any other finish 

Compreg in the making receives the same 
initial treatment as impreg but the simple 
curing treatment of the resin-treated sheets 
is replaced by hot pressing at varying pres- 
sures, depending on the properties desired. 
As the resin has a plasticizing effect on the 
lignin, the resin-treated wood compresses 
much more readily than untreated wood at 
the same pressures so that under mod-erate 
pressure the stack of veneer is compressed 
to a half or a third of its original thickness, 
thus acquiring added density. At the same 
time the resin diffused through the veneer 
sheets bonds them into a solid panel with 
considerably increased homogeneity. The 
resulting product has resistance to moisture, 
shrinking and swelling, fire, and decay equal 
to or better than impreg, but its density has 
been doubled and it has acquired a surface 
hardne^ of 60 to 90 as compared with that 
of plate glass at 100. The compreg takes a 
high gl<m from the platens of the press, but 
the outstanding feature of the finish is that 
in it permeates the whole panel. 

Seratehm oat the surface can be removed by 
sandir® and buflBing without other treatment 


and cut surfaces can be brought to a high 
finish by similar treatment. 

Compreg can be produced in thin sheets, 
amenable to molding techniques, or in thick 
blocks suitable for such purposes as the carv- 
ing of propellers. As a matter of fact pro- 
pellers of compreg are in production both by 
carving and by the molding from pretailored 
assemblies of resin-bonded and impregnated 
plies. Other aircraft parts, such as radio 
antennae masts, chart cases, and bucket 
seats, are in production. 

The most immediate allure of compreg 
to the layman is its high gloss and its ap- 
peal to the sense of touch. It is hard, 
highly polished, heavy (specific gravity 1.0 
to 1.3), and usually richer and darker in 
color than the wood from which it was lami- 
nated. Due to the concentrations of resin 
between plies, laminations running out on 
curved surfaces give an attractive synthetic 
“grain,’' independent of the actual grain of 
the wood. Shrinking and swelling of com- 
preg are negligible, actual submersion tests 
of 50 days showing a swelling of only 3.6 
percent. As compreg resists water, alcohol, 
and mild acids, and is not permanently 
spotted by these materials, its suitability for 
table and bar tops, chemical benches and 
similar uses is apparent. 
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It should perhaps be pointed out that eoin- 
preg is a specialty product, not too costly 
for military aircraft, but not yet -within the 
price range of common structural materials. 
On the other hand, especially if quantity 
production results in lowered costs, it seems 
reasonable to expect that in the postwar 
period compreg will come into its own for 
fine furniture items, architectural details, 
and similar uses where attractive appear- 
ance, high durability, strength, and easy 
maintenance are essential. 

Combinations in which compreg faces of 
high durability are formed on cores of im- 
preg or untreated wood in a single operation 
suggest one way in which both weight and 
cost can be reduced in sheet or molded mate- 
rials having most of the advantages of full 
compreg. 

Hydroxylin is wood’s own entry in the 
field of low-cost, general purpose plasties. 
Made in two forms — molding powder and 
laminating sheets — ^both from hardwood 


wastes, it is classed as a low-cost plastic and 
has certain desirable properties, notably high 
acid resistance. Its future should be in- 
fluenced by its performance in war material 
and by production experience gained by war 
contractors who will apparently be the first 
to use hydroxylin in quantity. 

Made in only one color — ^jet, glossy, black 
— ^hydroxylin is in effect a lignin plastic with 
a cellulose filler In making the molding 
powder, sawdust or wood chips are hydro- 
lyzed wdth a weak acid or aniline to convert 
part of the cellulose in the wood to sugars 
which are removed by washing. This opera- 
tion increases the percentage of lignin in the 
resulting '*mash,” which is dried and milled 
to a fine powder and to winch a small amount 
of any one of a number of plasticizing agents 
may be added to low^r the flow point of the 
lignin. The cellulose remaining in the mold- 
ing mixture acts as a filler, just as wood flour 
does in many common phenolic molding 
materials, to increase the strength. Water 
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resistance of the mixture is dependent on the 
amount of lignin present. The cellulose de- 
rived sugars referred to as a by-product of 
the hydrolysis process could be broken down 
by fermentation to produce ethyl alcohol in 
operations large enough to guarantee con- 
tinuous production. 

Hydroxylin is relatively hard and strong, 
has high electrical resistance, and can be cut 
with machine tools like metal. It is relatively 
light in weight (specific gravity 1 40) and 
bonds well to metals such as bi*ass, bronze, 
and aluminum. The hydrolyzed wood sheet 
can be laminated under heat and pressure 
to form, under double curvature if desired, 
a material that has promise for many uses. 

Efforts of one war contractor to get into 
production with a hydroxylin battery box 
for military airplanes appear to be nearing 
success. In this case the wood-derived mate- 
rial will replace hard rubber (now out of the 
picture because of war scarcity) with a sig- 
nificant saving in weight because of the 
greater strength per unit weight of the 
hydroxylin. 

Papreg^ one of the most recently developed 
products of wood conversion to receive at- 
tention, is a high-tensile-strength, plastic-like 
paper laminate which is being tested for the 
production of stressed parts in aircraft as a 
substitute for light metals. Resin-impreg- 
nated paper laminates are by no means new, 
but papreg is unique in that among such 
laminates its strength properties are such as 
to merit serious attention, notably on the 
part of aircraft designers, for objects taking 
considerable stress. The significant technical 
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development of papreg is being carried out 
by the Forest Products Laboratory with a 
view to its potentialities as a substitute for 
aluminum in niilitarj^ aircraft, hence de- 
tailed information on its production and on 
its properties remain in the realm of classi- 
fied restricted information, available only to 
manufacturers and processors authorized by 
Government war agencies to receive such 
information to aid the national war effort. 

The following quotation from an official 
release sums up the informktion that is avail- 
able to the public : 

An improved papei-base plastic equaling aluminum 
in tensile strength on a weight basis has been devel- 
oped and IS being produced experimentally in the 
form of aircraft parts, including wing libs, wing tip 
skins, and control surfaces. 

Experimental data thus far obtained in laboratory 
tests indicate that the product has twice as great 
tensile strength as any paper laminated plastic hith- 
eito x>rodueed; that it can be molded to desired 
shapes at temperatures and pressures and on equip- 
ment now used for making plywood; that it is resis- 
tant to moisture and remains extremely stable at 
both high and low temperatures, and that it is more 
resistant to scratching and denting than aluminum. 
The plastic has a smooth surface, eliminating the 
necessity for special finishes and coatings. 

Tests also indicate that it does not sxdinter, tear, 
nor flower out when pierced by bullets. 

The jiropertios of pajireg, which can bo varied to 
meet special needs, also give i>romise for use in water 
craft ranging from small boats to cargo vessels, and 
in the hulls of flying boats. 

Papreg is another product of high durabil- 
ity, strength, and stability that has obvious 
possibilities for consumer goods, particularly 
since it might be given a variety of decora- 
tive treatments. At present, however, little 
thought has been given to consumer uses ; its 
future in this field will be determined by 
economic competition of the raw materials 
after the war. 

TJralloy — ^urea-plasticized wood — ^lias not 
reached a stage of refinement as advanced as 
the other products described, but it is capa- 
ble of modification in ways that should make 
it practical for many postwar uses. Essen- 
tially the process of making uralloy consists 
in soaking green wood in a solution of urea, 
drying it, heating it to about the boiling 
point of water, and shaping it or bending it 
at this temperature. 

This type of processing results in a prod- 
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EXPERIMENTAL MOLDED OBJECTS OF HYDROXYLIN 


net which is thermoplastic, that is, capable 
of being returned to its original shape on 
reheating, but a thermosetting product can 
be made by adding a resin-forming chemical 
to the urea solution and altering the subse- 
quent treatment The thermosetting type of 
uralloy retains its shape on reheating and 
has moisture resistance that is lacking in the 
thermoplastic form. Control of the thermo- 
setting process can also be used to resinify 
the wood and produce simple hardening. 

Initial experiments on uralloy were made 
with oak, which appears to be especially 
suited to the treatment. Other woods, how- 
ever, have been made into various forms of 
uralloy with success. 

In addition to the new products that have 
been mentioned there is an indication that 
it will be possible to make additional forms 
of moisture-stabilized wood without resort to 
full resin impregnation. It is also obvious 
that there are manifold possibilities of com- 
bining impreg, compreg, papreg, plywood. 


and untreated wood. Intriguing also is the 
prospect of surfacing light woods or other 
light filler substances with durable face plies 
to produce a variety of so-called ^‘sandwich’' 
materials. The success obtained with ply- 
wood-faced balsa in constructing the doughty 
British Mosquito bomber of daylight bomb- 
ing fame will no doubt be the forerunner of 
a considerable line of ‘^sandwich” combina- 
tions that will find their way into peacetime 
commodities. 

Some new wood derivatives and new wood 
processing methods, not immediately ap- 
plicable to war needs, lie dormant in chem- 
ists^ notebooks. An example is the hydro- 
genation method for processing lignin, the 
binding constituent of wood that until recent 
years has been a good deal of a chemical mys- 
tery. By subjecting aqueous solutions of 
lignin from waste pulping liquor or other 
sources to hydrogen under pressure, a vari- 
ety of alcohols, oils, and an alkali-soluble 
resin have been recovered. The alcohols in- 
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elude methyl alcohol (wood alcohol or metha- 
nol) and propyl alcohol, and previously 
uniniown products of the hydrogenation 
include a hard, glossy, amber-colored resin 
that may prove useful for plastics and lac- 
quers, and several derivatives of propyl- 
cyclohexane, some of which are thick viscous 
oils and others thin and toxic m nature. 
The apparent utility of these products has 
not been subjected to practical tests. 

When the whole wood complex is sub- 
jected to hydrogenation, the lignin fraction 
is resolved into the components just de- 
scribed and the cellulose may be recovered 
in the form of a bleaehable pulp of normal 
fiber length. 

Certain products and uses of wood which 
return to public attention again and again 
with the impact of novelty are not empha- 
sised here because they are not new. There 
is at least a quarter of a century of know-how 
and experience behind such developments as 
silk-like (rayon) and wool-like textile fibers 
from wood, automotive fuel from wood or 
charcoal, ethyl (^‘ grain'’) alcohol and edible 
sugars from wood. Rayon, of course, has 
been manufactured largely from wood in this 
and other countries for years to the extent 
of several hundred million pounds per year. 
The other forest products mentioned have 


been and now are in use in parts of the world 
where economic conditions permit. 

The encouraging aspect of most of the new 
wood i^roduets mentioned is the progress that 
has been made in overcoming inherent char- 
acteristics of raw Avood that have limited the 
scope of competition with other materials. 
Furthermore, the prospect for continued 
improvement of the products and the refine- 
ment of others, already being developed 
under the mantle of military security, is 
most encouraging. 

There is sound scientific basis for optimism 
regarding the future of wood Research at 
the Forest Products Laboratory and in col- 
leges and industrial laboratories over the 
last third of a century has filled m long- 
sought details on the fundamental chemical 
and physical structure of wood, especially 
for the lignin component, and has provided 
the approach to new conversion processes 
and better control of established processes. 
The most promising products of wood now 
finding their way into important military 
uses and shortly to serve civilian needs had 
their beginnings in fundamental research, 
not in the uncertain resources of unguided 
imagination or cut-and-try empiricism. The 
properties of wood can now be controlled and 
balanced one against the other with certainty. 



COSMIC TERRESTRIAL RESEARCH 

By HARLAN T. STETSON 


A FEW years ago a small, entliusiastic group 
of business men and scientists met at lunch- 
eon to discuss plans for a new venture in sci- 
ence connected with the Massachusetts Insti- 
tute of Technology. They forgot for the mo- 
ment problems of corporations, finance, and 
administration to consider a new and coming 
field of research in cosmic terrestrial rela- 
tionships — a subject made vital by the recent 
results of observations and deductions con- 
cerning the effect of phenomena originating 
outside the earth upon the science of the 
earth and its atmosphere. The marshaling 
of an array of facts demonstrating the effect 
of the sun^s radiation upon the upper at- 
mosphere, upon radio communication, and 
upon the earth’s electric and magnetic fields 
opened up new possibilities of research in a 
little explored territory. 

At the close of the luncheon sufficient 
funds had been pledged to insure, on an ex- 


perimental basis, the continuance of basic 
research in this new field of investigation for 
a sufficient period to justify the venture. As 
a result of this conference, a new Laboratory 
for Cosmic Terrestrial Research (Fig. 1) 
was constructed in the suburbs of the Boston 
metropolitan area wdiere observations and 
studies could be continued at an ideal loca 
tion. 

The site of the new laboratory was select- 
ed after about a year of careful study of the 
environs of Boston in order to find a place 
having suitable conditions for atmospheric 
electric observations and easily accessible to 
the Massachusetts Institute of Technology 
with which the work at the Laboratory is 
associated. The laboratory is located two 
miles from the center of the town of Need- 
ham in a sparsely settled residential district, 
ten miles southwest of Boston and industrial 
Cambridge. The unusually good conditions 
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for radio reception have proved that the loca- 
tion is eminently satisfactory. 

The main building* comprises approxi- 
mately 2,500 square feet of floor space, not 
including the basement in which the instru- 
ment shop is located. The building is of 
masonry construction and the architecture 
is functional modern. Interior views are 
shown in Figures 2 and 3. The laboratory 
is primarily intended for the '‘geophysical 
investigation of such relationships as may 
exist between cosmic phenomena exterior to 
the earth and such terrestrial phenomena as 
may result from or vary with changes in the 
earth’s environment.” A large part of the 
observational work being carried on relates 
to problems of solar radiation and atmos- 
pheric electricity, with applications to com- 
munications. The general integrated pro- 
gram is being carried forward under six 
principal subdivisions: solar studies; radio 
studies; auroral studies; the earth’s elec- 
tric field; cosmic ray observations; and cer- 
tain biological phenomena. 


The Sun and Radio Since a discussion at 
considerable length of the effects of solar 
radiation and solar disturbances upon the 
ionosphere and radio communication condi- 
tions has previously appeared in the June, 
1942, issue of The Scieyitific Monthly, less 
space will be devoted here to this subject 
than its importance would otherwise w’^ar- 
rant The relationship of solar disturb- 
ances, as conveniently marked by sunspots, 
to the electrical state of the upper atmos- 
phere necessary for satisfactory radio com- 
munication is now so generally recognized 
that this part of the program of the Labora- 
tory receives special emphasis. The long 
series of observations of field strengths of 
radio reception in the broadcasting band, 
first undertaken by the author in 1926, now 
approximates 75,000 hours, which has pro- 
vided probably the largest amount of homo- 
geneous field strength data at broadcast fre- 
quencies in existence. 

The analysis of this material has shown not 
only a general trend consistent with the in- 
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FIG. 3, THE CONFERENCE AND DIRECTOR’S ROOM 


verse of the sunspot curve, but has exhibited 
remarkable instances of long fade-outs while 
sunspots of unusual size pass across the line 
from the center of the sun to the earth. The 
remarkable increase in radio fields in passing 
from daylight to darkness, and the marked 
seasonal variation which follows the chang- 
ing declination of the sun from summer to 
winter, are probably the most pronounced 
demonstrations of radical changes in the 
electrical state of the upper air under the 
influence of the sun. A wholly unexpected 
annual variation has been discovered that is 
not explained by any seasonal effect. It 
seems to parallel closely the known annual 
variation in the amount of ozone in the air. 

Extended studies have indicated that there 
is an optimum value of the ionization of the 
radio ceiling for the best conditions for radio 
transmission. Before this optimum value is 
reached, the reflection of the sky wave is too 
feeble for good signal intensity. When the 
optimum value is exceeded, the ionization of 
the layers of the atmosphere below the re- 
flecting ceiling becomes so great as to absorb 


much of the energy in the radio waves and 
therefore again reception is below par. This 
indicates that a certain amount of solar ac- 
tivity, evidenced by a critical number of 
sunspots, is best suited for certain communi- 
cation conditions; excesses or deficiencies in 
the number of sunspots with respect to the 
critical value result in a deficiency in radio 
communication. Just what amount of solar 
activity is necessary in the long run to pro- 
duce the most favorable transmission condi- 
tions has yet to be determined. 

With the added space made available at 
the new laboratory, at the end of 1941 we 
began recording the higher frequency waves, 
such as those used in transoceanic communi- 
cation (Fig. 4). Unlike the broadcast radio 
wmves, these waves are not heavily absorbed 
in daylight and consequently observations of 
them can be made twenty-four hours a day, 
year in and year out. 

While the broadcast waves improve many 
fold with the increase of darkness after sun- 
set, the high frequency or short waves nota- 
bly deteriorate from sunset to shortly before 
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FIG. 4 MICROMAX RECORDER 
USED FOR REGISTERING RADIO FIELD STRENGTHS ON 
HIGH FREQUENCY WAVES PROM A DISTANT STATION. 


dawn. At sunrise when the solar radiation 
first strikes the upper atmosphere one hun- 
dred and fifty miles above the earth, the 
molecules of oxygen and nitrogen become 
instantly ionized and the reflected radio 
waves of a frequency of 5,000 kilocycles in- 
crease their strength over a hundredfold 
in the space of a very few minutes. As the 
sun rises higher above the horizon, the in- 
crease in ionization in the lower levels of the 
atmosphere absorbs the energy from these 
radio waves and reception deteriorates until 
noon. As the sun descends toward the west- 
ern horizon, positive and n^ative ions in the 
air recombine and neutralize the absorbing 
effects in the lower layers, with the result 
that field strengths increase again until 
sunset. 

Reception at even these high frequencies, 
however, may be totally impaired, as our 
records have so many times shown, when 
large sunspots pass over the portion of the 
mm facing the earth. It is truly remarkable 
that with the use of radio apparatus it has 
b«ome possible to trace so intimately the 
csffeet of solar changes upon the electrical 
state of the upper aiir so relatively close to 
tie surface of the earth which man inhabits. 


Effect of the Moon. The large amount of 
radio data which has accumulated in the 
observational part of our program has made 
it possible to investigate what effect, if any, 
the moon may have upon the electrical state 
of the upper air. As far back as 1931 the 
Avriter showed evidence of a tidal effect of 
the moon upon the ionosphere or radio ceil- 
ing. Subsequent studies based on accumu- 
lating data seem to establish definitely that 
the electrical state of the upper air experi- 
ences variations somewhat similar to the tidal 
variations of the ocean caused by the moon. 
It was not believed that moonlight, which is 
only 1/300,000 as intense as sunlight, could 
in any way be responsible for this change. 
It appeared more probable that the gravita- 
tional tides set up in the atmosphere by the 
moon, or possibly electronic tides caused by 
an electrical charge on the moon different 
from that on the earth, was the determining 
factor. Some time later E. V. Appleton, a 
distinguished English scientist, obtained evi- 
dence from quite different observations that 
lunar atmospheric tides affect the radio. 
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MOON’S AGE IN DAYS 


FIG. 5. RELATION OF MOON AND SUN 

APPEARS TO BE A FACTOR CAUSING VARIATIONS IN FIELD 
STRENGTHS IN THE BROADCAST BAND. CURVE IS BASED 
ON RECORDS EXTENDING OVER A SIX-YEAR PERIOD. 
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Meanwhile, radio operators reported 
marked variability in radio reception with 
the changing phases of the moon. Al though 
apparently unreasonable, the reports were 
so persistent that it seemed worth while to 
make an extensive study of our broadcast 
radio data to see whether or not there were 
any adequate grounds for concluding that 
such effects exist. It was thought that our 
measured field strengths would show no 
systematic change whatever with the chang- 
ing illuminated surface of the moon. Such, 


trial relationships. This hypothesis rests 
upon the fact that the moon has no atmos- 
phere and that its naked surface is exposed 
to an intense bombardment by the extreme 
ultraviolet radiation from the sun, and also 
by any other kind of radiation, such as elec- 
trons or high energy particles, which the 
sun may emit. Almost any substance sub- 
jected to ultraviolet radiation is known to 
emit electrons. This is the so-called photo- 
electric effect. Since the earth’s atmosphere 
absorbs all this intense solar radiation, the 



FIG. 6, DIUENAL VARIATION IN THE ELECTRICAL POTENTIAL OP THE ATMOSPHERE 


however, was not the ease. Contrary to all 
expectations, our records showed a definite 
improvement in radio reception from new 
moon until about two days before full moon, 
and a deterioration thereafter until near the 
moon’s last quarter. Then there follows a 
subsequent recovery until two days after the 
last quarter of the moon (Fig. 5). 

These results have led to a somewhat spec- 
ulative hypothesis to account for the ob- 
served phenomena that, should it become 
substantiated, would appear to be revolu- 
tionary in our thinking about cosmic terres- 


really high-energy radiation never reaches 
the earth’s surface. Since the moon is di- 
rectly bombarded from the sun, its surface 
must be emitting electrons, some of which 
will penetrate into the earth’s upper atmos- 
phere causing ionization, which in turn could 
be expected to affect radio reception. 

If the ionization is increased to and be- 
yond an optimum value, radio reception will 
at first improve and then fade in the intensity 
with which it is received. This is exactly in 
accordance with our extensive analysis based 
on many thousands of hours of observational 
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data. That the observations show the ex- 
istence of such an effect only on the side of 
the earth towards the illuminated surface 
of the moon appears good corroboration for 
the hypothesis. What is even more exciting 
is that this lunar effect is much more pro- 
nounced during the years of most numerous 
sunspots when radio observations tell us that 
the sun is actually sending out most energy 
in the ultraviolet. 

There is, moreover, increasing evidence 
that radiation resembling x-rays may be 
emitted by the outer atmosphere of the sun. 
Such x-ra3" radiation striking the moon 
would in turn excite x-ray radiation from 
the elements in the moon’s surface itself. 
The x-rays that are scattered or emitted in 


emitted from the filament in their passing 
to the third element of the tube. This pic- 
ture, therefore, introduces us to a possible new 
science of celestial electronics that may be 
destined to play an important part in the 
field of cosmic terrestrial relationships in the 
coming years. 

Air Beacon Observations, In addition to 
such investigations as those already de- 
scribed, mention should be made of syste- 
matic observations that are being made of 
the apparent shift in direction of the beam 
of a commercial radio air beacon located ten 
miles from the laboratory. As is generally 
known, the antenna of a radio air beacon is 
so arranged that the Morse Code signals for 
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FIG. 7. ELECTEICAL BlSOHAEGE EEOOEB PUEING STOEM OF OCT. 26, 1943 

MADE WITH POINT DISCHARGE APPARATUS, SHOWING A SKY-TO-EARTH CURRENT OP TEN MICROAMPERES. 


the direction of the earth might in turn be 
a factor in increasing the ionization in the 
earth’s upper atmosphere, for x-rays are 
known to ionize air. 

The emission of photoeleetrons from the 
lunar surface might be expected to create an 
electrical charge on the moon different from 
that on the earth. When the moon is be- 
tween us and the sun, this charge could well 
aite the speed and direction of charged 
particles emanating from the sun in the 
earth direction, just as the grid in a radio 
tube may accelerate or retard electrons 


the letters A and N are sent out from ad- 
jacent quadrants, such as Northwest and 
Southeast. A pilot homing exactly on the 
beam hears neither of these signals hut a 
constant hum resulting from the overlapping 
of both signals received simultaneously and 
with equal intensity. If the pilot is north 
of the axis of the beam, the dot-dash of the 
letter A predominates ; if he is south of the 
beam, the dash-dot of the letter N predomi- 
nates. The relative strength of these two 
signals heard from a point off the axis is, in 
a measure, an indication of how far the plane 
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Eia 8. SOILLESS GROWTH OF MUSTARD PLAISTTS 38 DAYS FROM SEED 

PLANT AT EIGHT SHOWS APPARENT STIMULATED GROWTH UNDER A POTENTIAL OP EIGHTY NEGATIVE VOLTS. 
A DUPLICATE SCREEN OVER THE CONTROL SPECIMEN ON THE LEFT WAS WITHOUT ANY ELECTRICAL CHARGE. 


may be from the axis of the beam. The 
Needham laboratory lies slightly north of the 
axis of the beacon under observation. The 
field strength of the A signal compared with 
the N signal is measured hourly. Every 
effort is made at the sending antenna to 
maintain the output of the two signals con- 
stant, 3 "et the ratio of these two signals as 
observed at the laboratory shows definitely 
a diurnal and seasonal variation. The ratio 
of A/N rises steadily after sunrise to a maxi- 
mum value shortly after noon and thereafter 
diminishes tow^ard sunset. Under abrupt 
meteorological changes the value of the ratio 
has been found to change systematically with 
the passing of a storm center. If one were 
to interpret the change in the ratio of A/N 
as equivalent to a change in the bearing of 
the direction of the beam, it can be said that 
during sevei'e storms the apparent direction 
of the beam has been observed to shift by as 
much as 7° from its normal location with 
respect to the laboratory. 

Careful consideration has been given to 
the possibility of fortuitous changes at the 
beacon itself, including the possible effect of 
unequal electrical insulation in the antenna 
system during rain or snow. The results, 


however, more definitely point to dielectric 
changes in the lower atmosphere or changes 
in ionization conditions in the tropospheric 
layers. Irrespective of any practical con- 
siderations that might be applicable to prob- 
lems of aviation, it is believed that further 
investigations of this nature may yield im- 
portant information as to atmospheric-elec- 
tric conditions that may correlate with mete- 
orological or other phenomena under obser- 
vation at the laboratory. 

EartJi^s Electric Field. The magnetic 
field of the earth has been known since the 
early writings of Gilbert in 1600. Many 
detailed surveys of it have been conducted 
because it is important that navigators know 
the variations of the compass. For more 
than a hundred years the earth’s magnetic 
field has been known to vary with sunspots. 
The explanations for this relation became 
apparent when radio studies revealed the 
existence of the highly electrified shell of the 
earth’s atmosphere, known now as the iono- 
sphere. Electrical charges moving aloft in- 
duce magnetic currents in the earth, thus pro- 
ducing the slight variations in the compass 
needle that accompany outbreaks of sunspots. 
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It is probably less widely appreciated that 
tke earth likewise has an electric field and 
probably carries a considerable electrical 
charge. Since we live on the surface of the 
earth it is difficult to determine the nature 
or the magnitude of this charge on our 
planet, but suitable instruments make us 
aware of the electrical field existing between 
the surface of the earth and the atmosphere 
above. Near the ground, during fair 
weather, this field amounts on the average to 
between 100 and 150 volts per meter. A 
six-foot man standing erect bridges the gap 
between the ground and the air at the crown 
of his head corresponding to a difference of 
potential of about 250 volts. This electrical 
potential between the ground and the atmos- 
phere not only increases with height to a 
certain limiting value, but it is also known 
to vary with the time of day, the season of 
the year, and possibly also with the sunspot 
cycle. Furthermore, electricity is con- 
stantly fiowing from the air to the ground. 
The amount is about 1000 amperes for the 
entire surface of the globe. What maintains 
this constant uni-directional flow or whether 
or not it is everywhere uni-directional is one 
of the puzzling problems of atmospheric 
electricity. With the establishment of the 
Laboratory for Cosmic Terrestrial Research, 
suitable apparatus for measuring the poten- 
tial gradient was installed. The apparatus 
consists of a.Wulf electrometer which mea- 
sures the charge on a horizontal brass rod 
extending at a distance of about six feet 
above the ground. This rod takes up the 
electrical potential of the atmosphere in the 
immediate neighborhood by reason of a slight 
emanation from radioactive material in the 
so-called “collector^’ at the outer end of 
the rod. The collector has been supplied 
through the courtesy of the Department of 
Terrestrial Magnetism of the Carnegie In- 
stitution of Washington, The electrometer 
is read hourly through the day and ocea- 
^onally through the night. 

Observations so far collected have indi- 
cated a characteristic diurnal variation in 
the atmosphere's electrical potential. There 
is a in the early morning to a maximnm 
at about nine o'clock, Eastern Standard 
and a sul^equent diminution to noon. 
IGIfe dedine fe followed by a second rise dur- 


ing the interval from six to seven P.M., 
Eastern Standard Time, after which the 
potential gradient falls to midnight (Fig. 6). 

Observations made during the celebrated 
cruises of the non-magnetic yachts Gali- 
lee and CARNEGIE, 1905-1916, revealed 
that over the oceans there is a distinct diur- 
nal variation exhibiting a maximum at eight- 
een to nineteen hours Greenwich time, no 
matter in what longitude the observations 
were made. For this remarkable phenome- 
non no adequate explanation has yet ap- 
peared. There is some indication that it 
may be related to ‘the asymmetry of the 
earth's magnetic field. 

In connection with atmospheric-electric 
observations a device for automatically re- 
cording silent electrical discharges taking 
place between the sky and the earth has also 
been installed at the Needham Laboratory. 
The continuous daily recordings, which have 
accumulated rapidly, indicate rather definite 
relations between the occurrence of such dis- 
charges (not including thunderstorm dis- 
turbances) and meteorological conditions. 
Rainstorms are in most instances accom- 
panied by the apparent flow of electricity 
from the earth to the sky of an intensity of 
five to ten microamperes (Fig. 7). Snow is 
likewise accompanied by similar discharges, 
often reversing direction at intervals of from 
a few minutes to an hour or more. Abrupt 
meteorological changes have in rare instances 
been accompanied by earth-sky currents of 
from 50 to 60 microamperes with frequent 
reversals of direction. Careful studies of 
our records, however, have indicated no ab- 
normal sky-to-earth discharges in the lower 
atmosphere at times of the displays of the 
aurora when the high atmosphere is turbu- 
lent with electric pyrotechnics. What rela- 
tionships may exist among these sporadic 
atmospheric discharges, the potential gradi- 
ent, radio static, and ionization phenomena 
are not yet known, but accumulating data 
offer increasing information for such a study. 

Electric Field and Plant Growth, We are 
well aware of the dependence of biological 
growth and behavior upon solar radiation 
and meteorological conditions, Douglass 
has long since demonstrated from his life- 
long study of tree-ring patterns that the 
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solar cycle is reflected in the growth of trees 
This is particularly demonstrated in selected 
forests of the Arizona pines and of the Cali- 
fornia sequoias. The phenomena connected 
with phototropism in plants have in certain 
instances been definitely associated with cer- 
tain regions of the solar spectrum eliciting 
optimum response. The germination of 
seeds of particular species has been found 
dependent upon a rather critical exposure to 
ultraviolet light. Little has yet been done 
in the way of investigating possible e:ffects of 
electrical fields upon plant behavior. One 
wonders if the varying potential gradient of 
the earth’s field has anything whatever to do 
with plant growth. At least this is another 


same illumination of both specimens. Fig- 
ure 8 shows mustard plants thirty-eight days 
from seed. The experimental plant on the 
right was subjected to a potential gradient of 
eighty negative volts between the root and a 
screen 30 centimeters directly above the 
plant. The control on the left was not sub- 
jected to a potential gradient. Similar dif- 
ferences in growth occurred in tomato plants. 

In the above instances, the voltage was 
arbitrarily chosen In order to attempt to 
discover the optimum potential gradient for 
greatest growth, a hydroponic trough was 
constructed in which plants were grown 
under a sloping screen to which was applied 
190 negative volts with respect to the roots. 



FIG. 9. PLANTS GROWN HYDEOPONIOALLY UNDER AN ELECTRIC FIELD GRADIENT 

SILHOUETTED GROWTH CURVE SHOWS POTENTIAL GRADIENT OP 4 VOLTS PER CM. AS OPTIMUM FOR GROWTH. 


one of the varying parameters with which 
the biologist may yet be concerned. Some 
experiments have been made in this direction 
at the Laboratory for Cosmic Terrestrial Re- 
search where tomato plants started from seed 
and also mustard plants germinated under 
laboratory-controlled conditions appear to 
have shown definite response to a negative 
potential of but relatively few volts. 

In the experiments so far conducted, soil- 
less growth has been adopted, utilizing a 
nutrient solution recommended by the Smith- 
sonian Institution. In every case the nutri- 
ent solutions have been fed automatically to 
both the experimental plant and the control, 
care also having beAi taken to maintain the 


The photograph (Fig. 9) is a silhouette of 
the growth resulting forty-three days after 
germination. It will be observed that at the 
extreme left where the potential gradient 
was high, the growth was markedly stunted. 
At the extreme right where the potential 
gradient was relatively low, the growth was 
not far from normal expectancy. A little to 
the right of the center of the trough, the 
maximum growth was obtained. A measure 
of the distance from root level to the charged 
screen in a vertical direction at this point 
revealed a potential gradient of approxi- 
mately four volts per centimeter, which is 
apparently the optimum value of the poten- 
tial gradient for greatest growth. 
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FIG. 10. COSMIC EAY APPARATUS 

72 GEIGER- MULLER COUNTERS ARRANGED IN' 3 BANKS; 
2 TONS OF LEAD IN ABSORBING LAYERS SORT THE RAYS. 


Many repetitions of the experiment should 
he performed under varying conditions he- 
fore drawing conclusions. These prelimi- 
nary attempts, however, may well lead one 
to speculate as to whether variations in the 
atmospheric potential known to exist have a 
significant effect upon biological phenomena 
in any way. 

Cosmic Bay Investigations, The newest 
piece of apparatus to he added to the Need- 
ham Laboratory equipment is a multiple 
cosmic ray counter recently installed in con- 
nection with Massachusetts Institute of Tech- 
nology's part in a program tied in with The 
University of Chicago and other institutions 
(Pigs. 10-11 ) . This elaborate equipment lYas 
especially built for the project by experts at 
the Ryerson Physical Laboratory of The 
University of Chicago. Seventy-two Geiger- 
Mulier counters fed through an 88-tube am- 
plifier cause the cosmic rays to click their 
way to a printing recorder that automatically 
counts hour by hour the numbers of the 
^^rays^’ reaching the Earth from somewhere 
out in space. 

The exact origin of cosmic rays is still one 
of thi^e unsolved mysteries of science. Some 
bf these '^rays'^ are unquestionably elec- 
trons; others consist of mesotrons and pro- 
tons. are traveling, at very high veioci- 

Son^ aro more penetrating than oth- 
ers. The new macMme sorts these rays into 
and penetrating'' radi- 


ations, and records hourly their ‘‘counts'’ in 
three divisions of the cosmic ray spectrum. 
Here, as in myriad other applications, elec- 
trons in vacuum tubes have been put to work 
gathering data. 

To differentiate true cosmic rays from 
gamma radiation emanating from radioactive 
materials in the earth and air, or from strays 
that may enter at oblique angles, some means 
must be provided for insuring that the ion- 
izing radiation actuating the Geiger tube 
comes from a point near the zenith. This is 
done by a tandem series arrangement of two 
or more counter tubes placed in a vertical 
plane so that the cosmic ray entering the 
first eonnter from directly above may also 
actuate the counters immediately beneath. 
When two or more of these counters and 
their input amplifiers have been actuated 
practically simnltaneously, the current will 
have been closed through all input amplifiers 
belonging to eonnter tubes in the same verti- 
cal plane; then and only then will the ap- 
propriate relay respond. Stray rays coming 
in obliquely will activate one or the other of 
the amplifiers but not all siinnltaneonsly. 
A vertical ray on the other hand will pass 
through both or all within practically the 
same instant. Such an arrangement of 
counter tubes and vacuum tubes is termed a 
coincidence amplifier Much cosmic ray ap- 
paratus now in use is equipped with coin- 
cidence amplifiers. 



FIG. 11. THE 88-TUBE AMPLIFIER 

SJKNDB IMPULSES FROM COUNTER TUBES TO RECORDER. • 
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Since cosmic rays differ very greatly 
among themselves in the amount of energy 
carried, it is important to have some means 
of differentiating those of high penetrating 
power from the softer rays. This is accom- 
plished by utilizing, as in the present ar- 
rangement, three separate banks of counters 
with different amounts of lead separating 
the banks. 

The top bank, for example, which will 
register the softer rays, will be actuated by 
all cosmic radiation of sufficient intensity to 
penetrate the atmosphere and the walls of 
the counter tube. Below the top bank, sheet 
lead ten centimeters in thickness stops these 
soft rays from actuating the second bank of 
counters beneath. Cosmic rays of sufficient 
penetratmg power to pass through this 10 
centimeters of lead will actuate the counters 
in bank two. Separating bank two from 
bank three, the lowest layer of counters, 
there is an additional twenty centimeters of 
lead plate so that, when the counters in the 
bottom layer are activated, the cosmic rays 
responsible for the operation of these count- 
ers must have penetrated through thirty 
centimeters of lead altogether. These are 
very penetrating rays. 

The counters (Fig. 10) and the 88-tttbe 
amplifier (Pig. 11) are housed in a shelter 
on the grounds of the Laboratory. The elabo- 
rate recording and printing mechanism is 
stationed inside the main laboratory, and 
is operated by a synchronous clock. Should 
any momentary interruption of the power 
stLpply occur, the apparatus is automatically 
cut out and must be manually reset. This is 
to avoid any uncertainty as to the correct 
interprefcation of hourly counts. 


So interrelated are the problems in these 
many different but allied fields of science 
that no one specialist in any one field can 
hope to cope with all their implications. As- 
tronomy, meteorology, atmospheric electric- 
ity, geophysics, communication engineering, 
and even biology meet in common territory 
when we seek the solution of problems in 
cosmic terrestrial relationships. Here spe- 
cialists must concern themselves with the 
synthesis of knowledge gleaned from the sky 
above to the earth below. 

Too long, perhaps, has science delayed in 
apprehending the cosmic environment of the 
earth as an important factor in the geophys- 
ics of our planet. Furthermore, we are be- 
coming increasingly aware that man himself 
is a highly articulated organism whose activi- 
ties and even whose metabolic processes are 
quite dependent upon the quantity and qual- 
ity of sunlight and the circumstances of his 
terrestrial environment. Even all life has 
revealed itself as electrical in nature. The 
mysterious electron, a fundamental building 
block of matter which dances in our radio 
tubes to the tunes of our favorite orchestra, 
dances likewise in the atoms of the distant 
stars, in the vast interstellar spaces, and in 
man himself. We are indeed entering upon 
a strange new world of thought in science — 
perhaps as strange as was the Copemican 
doctrine of a heliocentric universe to the 
medieval mind of three hundred years ago. 

What implications the future may hold 
we cannot now foresee. Perhaps a note of 
caution should be sounded lest the over-en- 
thnsiastic indulge in unwarranted specula- 
tion. To the less im^inative Horatios: 

There are more things in heaven and earth, Horatio, 
Than are dreamt of in your philosophy. 



PRESIDENTS OF STATE UNIVERSITIES 


By JAY a KNOBE 


A STUDY of the academic backgrounds of 
state university presidents of the year 1941 
compared with similar backgrounds of the 
presidents of the same institutions in 1916 
shows certain definite trends. The data used 
herein were obtained from the two corre- 
sponding editions of Who^s Who in America. 
The membership list of the National Associa- 
tion of State Universities for October 31, 
1941, contained the names of fifty-two ad- 
ministrative heads of institutions and sys- 
tems. Forty-seven of these presidents of 
universities in the continental United States 
(including two presidents-eleet) were com- 
pared with the heads of the same institutions 
twenty-five years earlier. 

The first item observed was the positions 
from which presidents stepped into the head- 
ship of a university. These positions were 
classified as those of professor, dean or direc- 
tor, vice-president, president of another edu- 
cational institution, and positions not con- 
nected with higher education. The figures 
for the two years are shown in Table 1. 

TABLE 1 

Distribution op Eormee Positions of Presidents 
OP 47 State-Supported Univeesities 
in 1916 AND 1941 


Position 

1916 

1941 

Professorship - 

17 

9 

Dean or directorship 

14 

19 

Viee-presidency . . . . ! 

0 

5 

Presidency of other institution 

9 

6 

Other than eoUege work 

7 

S 


Deanships included those of administra- 
tion and instruction; directorships included 
one of an agricultural experiment station. 
Others were of the kinds familiar on most 
large campuses. The positions outside col- 
lege work in the 1916 list included the direc- 
torship of religious education- for the na- 
tional organization of one of the Protestant 
ehurchi^, but the holder of this position had 
beeu a former university president. Simi- 
larty, one in the 1941 list went from the 


position of city manager, but had previously 
held a professorship of municipal adminis- 
tration, and another, though vice-president 
of a large commercial concern when elected, 
had been an associate professor of business. 
A few of those not connected with higher 
education were called from judgeships and 
the practice of law, but more went from posi- 
tions connected with public school systems. 

Table 1 is computed upon the basis of the 
immediately preceding positions left by 
presidents when they assumed headships of 
state-supported universities. The striking 
point here is the increase in emphasis upon 
previous educational administrative experi- 
ence. The professorship as a source of presi- 
dential timber dropped virtually 50 percent; 
deanships and directorships rose more than 
35 percent, and vice-presidencies 100 per- 
cent. Of the 39 coming directly from college 
positions in 1941, 74.4 percent had had ad- 
ministrative experience; in 1916, of the 40 
coming from college positions 57.5 percent 
had administrative backgrounds in higher 
education. 

The study was extended to include the two 
immediately antecedent offices. It was then 
found that only three of the 1941 list had 
not had executive experience in either of 
their two preceding positions. These men 
came from professorships of economics, his- 
tory, and physics. In the 1916 list fifteen 
of the seventeen listed in Table 1 had not 
done administrative work in either of their 
two previous positions. The list included 
such men as: William Lowe Bryan, from 
Greek and philosophy; Livingston Farrand, 
from psychology and anthropology; Jacob 
Gould Schurman, from philosophy and 
English literature ; Henry Suzzalo, from 
philosophy of education; Charles Richard 
Van Hise, from geology; and Benjamin Ide 
Wheeler, from Greek, Latin, and German. 
Another item of interest is that out of the 
1941 list four men at some time previous to 
their election to a presidency had been deans 
of schools of busine^ and one had been a 
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comptroller. These categories did not ap- 
pear in the 1916 list. 

A study of degrees held by presidents 
shows little variation in the pattern for the 
Ph.D., but the complete disappearance of the 
honorary D.D. and the appearance of ad- 
vanced earned degrees in law and education 
in the contemporary list mark a new shift. 
A numerical comparison is made in Table 2. 

TABLE 2 

Highest Eaened Degrees BDeld bt Presidents op 
47 State-Supported Universities in 
1916 AND 1941 


Degree 

1916 

1941 

Ph.D. 

23 

21 

Master Degree 

13 

12 

Bachelor’s Degree , 

7 

6 

S JJ). or J.D. 

0 

2 

M.D. 

1 

0 

Ed.D. 

0 

1 

LL.B 

0 

4 

C.E. ... 

1 

1 

M.E. ... 

1 

0 

Ho Degree . „ . . 

1 

0 


In 1916 two of the holders of the master’s 
degree and two of those with the bachelor’s 
degree held honorary D.D. degrees. No one 
held this distinction in 1941. Pimther, it 
should be pointed out that, in addition to the 
six men indicated as holding law degrees in 
1941, two others with the Ph.D. degree had 
also earned the LL.B., making a total of 8, 
or a little more than 17 percent of the total 
of 47 possessing degrees in law. Among the 
1916 list no one held such a degree, but the 
one president without a degree had been 
advanced to his office from the bench of a 
Circuit Court of Appeals. 

The third comparison undertaken was 
relative to the academic fields of interest of 
the two groups. It was possible to trace this 
through the teaching done by 37 of the 1916 
group and by 39 of the 1941 group. Sub- 
jects were grouped among humanities, social 
sciences, natural sciences and mathematics, 
and professional subjects. Some difficulty in 
classification was encountered owing to the 
fact that several men had divided their 
teaching loads, but approximate results are 
shown in Table 3 by percentages. 


TABLE 3 

PiELDs OP Teaching op 37 Presidents op Staisi- 
SUPPORTED Universities in 1916 and op 
39 Presidents in 1941 


Field of Teaching 

1916 

1941 


Percent 

Percent 

Hmnanities 

32.9 

7.7 

Social Sciences 

Hatnral Sciences and Mathe- 

28.6 

30.8 

matics 

27.1 

12.8 

Professional Subjects 

11.4 

48.7 


Here, perhaps, is the most striking evidence 
of the change in the complexion of state nni- 
versity administration. Teaching experience 
in the social sciences has remained about the 
same, hut the proportion in the humanities 
has gh-mnk hy more than 25 percent and that 
in mathematics and the natural sciences by 
nearly 15 percent. On the other hand, presi- 
dents with predominant professional inter- 
ests outside the usual academic fields, as 
indicated by their teaching, increased hy 
more than 37 percent. Those interests repre- 
sented professions as varied as engineeriug, 
education, mioing, agriculture, law, business 
administration, and military science. Those 
with a teaching background in business ad- 
ministration increased from 0.0 to 5.1 per- 
cent; in law, from 0.0 to 7.7 percent; in 
education, from 8.1 to 20.8 percent. 

The simplest generalization that can he 
made seems to be that state-supported uni- 
versities in 1941 were being headed by men 
whose backgrounds contained more practical 
administrative and business experience and 
training than the backgrounds of presidents 
in 1916. Far fewer professors were called 
to presidencies because of their scholarly 
reputations. The three predomi nant profes- 
sional fields outside the usual academic de- 
partments of the university from which 
presidents were being recruited in 1941 were 
law, business, and education. The social 
sciences are, of course, most closely rdated 
to these subjects. Mathematics, the natural 
sciences, and especially the humaniti^_ are 
apparently no longer regarded as eontribut- 
ftggpmtial or important backgrounds. 

It is not difScult, of course, to point out 
at least one factor that has led to emphasis 
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upon administrative ability. Comparison of 
reports from the United States Office of Edu- 
cation for the years 1916 and 1938 shows 
that the enrollment of the 47 institutions 
here under consideration increased from 
94,600 to 258,900; the numbers of their 
faculties from 8,600 to 25,200; the value of 
their property from $111,000,000 to $448,- 
000,000. It was the period of the ‘‘great 
rush^^ into secondary and higher education. 
State universities became huge institutions. 
No state government could overlook so pow- 
erful an agency within its borders, especially 
when legislatures were confronted by calls 
for appropriations which demanded close 


scrutiny. Legislators think in terms of busi- 
ness. They expect institutional heads to talk 
in those terms. Conversely, from within the 
institution and from its alumni came de- 
mands for leadership which, first of all, 
could obtain adequate financial support. 

Manifestly the phases of the work of the 
state university president which now loom 
largest before the American public are prac- 
tical and political. Whether men of these 
qualities can combine with them the educa- 
tional and scholarly vision essential to the 
fulfillment of American destiny through 
coming generations as conceived one hun- 
dred fifty years ago “doth not yet appear/' 


CURRENT LIST OF MEMBERS OF THE NATIONAL ASSOCIATION OF STATE UNI- 
VERSITIES, WITH NAMES OF PRESIDENTS 


iNSOJiTimoN Peesiobnt 1943-44 

University of Alabama . , , Raymond R. Paty 
University of Arizona , , . , Alfred Atkinson 

University of Arkansas . Arthur M. Harding 

University of California , . . Robert G-. Sproul 
University of Colorado . JR. G. Gustavson, acting 
University of Connecticut Albert N, Jorgensen 

University of Delaware Walter Hullihen 

University of Florida .. . John J. Tigert 

University of Georgia .. Hannon W. OaldweU 

University of Hawaii Gregg M. Sinclair 

University of Idaho Harrison G. Dale 

University of Illinois .... . . , Arthur C. Willard 

Indiana University Herman B. Wells 

State University of Iowa YirgU M. Hancher 

University of Kansas .... . .Deane W. Malott 

University of Kentucky . .Herman L. Donovan 
Louisiana State University .. Campbell B. Hodges 
University of Maine ... . „ - Arthur A. Hauck 
University of Maryland. Harry Clifton Byrd 

Univermty of Michigan Alexander G. Ruthven 

University of Minnesota . .. Walter C. Coffey 

University of Mississippi .... ... ... Alfred Hume, acting 

University of Mifisouri .E, A. Middlebush 

Montana State University , „ C, W. Leaphart, acting 
Univermty of Nebra^a . .. . Ohauncey S. Boucher 


Institution Pebsibbnt 1943-44 

University of Nevada . . . , , John 0. Moseley 

University of New Hampshire . Position to be filled 
Rutgers University (N. J.) . . Robert C. Clothier 
University of New Mexico .. .James P. Zimmerman 

Cornell University (N. Y.) Edmund E. Day 

University of North Carolina Frank P. Graham 

University of North Dakota John C. West 

Miami University (Ohio) . . Alfred H. Upham 
The Ohio State University . . .Howard L. Bevis 

Ohio University „ .W. S. Gamertsf elder 

University of Oklahoma . ... Position to be filled 
University of Oregon . . Position to be filled 

Pennsylvania State College Ralph D. Hetzel 

University of the Philippines . .. . Position to be filled 
University of Puerto Rico. . . ... Jaime Benitez 

University of South Carolina J. R. McKissick 

University of South Dakota . ..Ila Delbert Weeks 

University of Tennessee James D. Hoskins 

University of Texas Homer P. Rainey 

University of Utah .LeBoy E. Cowles 

University of Virginia .... ..John L. Newcomb 
University of Washington. . . , ..Lee Paul Sieg 
West Virginia University . „ . . . Charles E, LawaU 

University of Wisconsin Clarence A. Dykstra 

University of Wyoming James L. Morrill 



BIRDS PICKABACK 

By W. L. McATEE 


Most birds seem too wary to be riders and 
too touchy to be ridden, yet some birds do 
indulge a good deal in pickaback. The evi- 
dence that they do so varies from fact to 
folklore. The visitor to a zoological garden 
may from time to time see a number of the 
animals involved, some of them strange asso- 
ciates for birds. Particularly strong is this 
impression with respect to the treacherous 
crocodile and the formidable rhinoceros, but 
each has a bird attendant so characteristic 
that it bears its giant companion’s name. 

The crocodile-bird, the so-called Egyptian 
plover, is a courser that alights on crocodiles 
to find and devour their parasites and even 
enters their mouths to catch flies. Ordi- 
narily, creatures that go into crocodiles’ 
mouths do so involuntarily and never return, 
but the crocodile-bird, as an exception, is 
living proof that the crocodiles recognize it 
and appreciate its services. White egrets 
also are credited with a sort of valet relation- 
ship with crocodiles, as are sun-bitterns with 
American tapirs. 

So burly and irascible are rhinoceroses 
that they would seem anything but attractive 
consorts for birds. However, two kinds of 
African birds allied to the starlings settle 
on the backs of these dinosaur-like monsters 
to remove bots and ticks. Rendering the 
same sanitation for camels and cattle, these 
birds are also called ox-peckers. Alfred 
Newton says, Though the animals are at 
first alarmed at the visitation, they soon get 
over the fright, regarding : . . with evident 
pleasure the way in which the birds creep 
about them and rid them of the pests.” 
Herbert Friedmann informs me that the ox- 
peckers also alight on bustards and ostriches. 
Whether the purpose is the same as when 
they perch on the large mammals is a ques- 
tion, but the fact is of interest as an illustra- 
tion of bird riding upon bird — ^the particular 
form of pickaback that is the main subject 
of this essay. 

Elephante, though larger than rhinoee- 
roses, are not as irritable and are thus per- 
haps more attractive to bird attendants. W. 


P. Pycraft states that egrets in Africa swarm 
over the bodies of elephants and catch insects 
put up by the animals. In the New World 
sun bitterns similarly associate with tapirs. 
Becoming accustomed to riding upon wild 
creatures, it was an easy transition to picka- 
back on the easy-going and patient, domes- 
ticated livestock. Prom this habit, certain 
white herons are known as cattle egrets. 
Their natural hosts are the redoubtable 
water buffalos which, though dangerous 
when aroused, have been reduced through 
long breeding and training to manageable 
strains useful to man. Egrets and other 
small herons seem to have a tendency almost 
everywhere to associate with cattle and other 
stock, upon which they sometimes perch. In 
this country, Herbert L. Stoddard reports 
a few instances of seeing snowy egrets, and 
one of a little blue heron, on the backs of 
hogs. He has also seen an egret of this same 
species on a cow. 

The birds that frequent domestic stock do 
so for two principal reasons: to search the 
bodies of the animals for edible parasites, 
and to glean insects attracted to the stock 
or flushed by its trampling or grazing. Cer- 
tain groups of birds have evident predilec- 
tions for these specialized modes of feeding. 
The mynas, starlings, and their allies, and 
the anis, and cowbirds and blackbirds quite 
characteristically feed on and about cattle; 
the shrike-like drongos of Asia (according to 
H. G. Deignan) and certain flycatchers come 
to cattle for flies or even use them as vantage 
posts from which to swoop upon insects 
stirred up by the animals. This association 
was recognized in the design of an archaic 
Greek coin which showed a cow with a bird 
on its back. There has been some dispute 
among classicists as to the identity of the 
bird, but i£ an ornithologist were asked to 
name it on the basis nf great^t probability, 
he would say the starling. 

In Africa a starling (Stumopastor) and 
in North America the cowbirds (Malathrus) 
have won the name buffalo bird from their 
association with the water buffalo and the 

221 



222 


THE SCIENTIFIC MONTHLY 


bison, respectively. Edwin James, botanist 
on Long’s Expedition of 1819-20, notes that 
tbe bisons ‘‘from tbeir submission to the 
pressure of numbers [of these birds] . . . 
seem to appreciate the services they ren- 
der, by scratching and divesting them of 
vermin.” 

Cowbirds, writes E. T. Seton, “haunt the 
buffalo as negroes do a Mississippi raft- 
house; sometimes on it, sometimes on the 
nearest land, but always moving when it 
moves, and recognizing it as headquarters.” 
He notes an instance of a cowbird surviving 
the winter at Winnipeg, Canada, by warm- 
ing itself on a bison’s back by day and sleep- 
ing in a hollow it had snuggled in the ani- 
mal’s hair. An Indian myth asserts that the 
cowbird nests in the wool between the horns 
of the buffalo. Unfortunately for this story, 
the cowbird does not nest at all, foisting its 
eggs for hatching upon a variety of foster 
parents. A number of early explorers of the 
west reported cowbirds, or prairie blackbirds 
as they called them, as alighting not only 
upon buffalos but also on horses and mules 
and even on men. Lewis and Clark of the 
famous expedition sponsored by Thomas 
Jefferson called the cowbirds buffalo peckers. 
In more recent times they have taken in the 
same way to sheep and hogs, and Herbert 
Friedmann has seen them perch upon elands, 
yaks, and emus in zoos. 

Cowbirds are of the blackbird alliance, 
and their kin. Brewer’s blackbird, a western 
species, has been recorded as a pickaback 
upon sheep. The writer has seen boat-tailed 
gracHes, of the same family, swarming about 
cattle in Louisiana, jumping up from the 
ground to snap ticks or flies from the ani- 
mals’ bellies and clambering all over them, 
even climbing up and down their tails. By 
measurement these birds are about the same 
mze as fish crows, although proportionally 
more is allotted to tail, and it seems remark- 
able that the cattle should tolerate such inti- 
mate attentions from them. 

Anis represent another group of birds — 
tile cuckoo tribe — among the perchers on 
cattle. Their purpose in visiting the animals 
is so obvious that it has earned for them the 
name of ticfcbirds and what amounts to the 
same thing in Spanish, gurrap<deros. 

Amcmg the flyeatehers^ the common phoebe 


of the eastern United States, according to an 
observation of the writer, under certain cir- 
cumstances will pick insects from a domestic 
animal. Years ago at the Santee Club, 
South Carolina, on a drizzly, winter morning 
when insects doubtless were all but banished 
from the air by the cold and rain, a phoebe 
was seen hovering about a cow and at times 
clinging to her hair while it snapped up the 
insects attracted by the shelter and warmth 
of the animal’s body. 

The short-winged tyrant flycatchers of 
Argentina have more than once been re- 
corded as attending cattle. W. H. Hudson 
wrote of them in 1888, “They haunt the 
cattle-pens, and become extremely familiar 
with the cows, horses, and sheep, following 
them to the pasture grounds, where they are 
often seen perched on the back of a horse or 
other domestic animal, or stationed close to 
its nose on the ground, watching for insects. ” 
The fire-crowned tyrant of Brazil is an asso- 
ciate of the marsh deer upon which it is 
known to alight. 

The perching of birds upon animals is not 
altogether an innocent and mutually advan- 
tageous arrangement; like so many rela- 
tions, it has become perverted in some in- 
stances and has a sinister side. The case of 
the kea is well known; this New Zealand 
parrot goes on from eating carrion of sheep 
to digging through the wool and flesh of the 
living animals to get the kidney fat. In our 
Western States, magpies begin by picking 
warbles from the hides of cattle and con- 
tinue by tearing away adjacent tissues ; they 
also take advantage of other wounds; and 
in both ways sometimes do enough damage 
to cause death of their victims. Recently 
under stress of winter weather that made 
food hard to find, starlings in flocks have 
imitated the magpies and incurred the wrath 
of the stockmen. 

A few instances have been mentioned of 
birds alighting on other birds and these are 
guides to the heart of our subject of bird 
pickaback. Naturally, large kinds are the 
bearers and smaller ones the riders. A.S 
noted, ostriches and bustards are sought by 
the ox-peckers. Ostrich stature need not be 
particularized, but it may be well to state 
that bustards are of the size of our wild 
turkey or somewhat smaller. One of them, 
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the crested bustard of East Africa, according 
to W. P. Pycraft, is habitually perched upon 
by the rosy bee-eater as a watch post from 
which to capture insects. An interesting 
account of pickabacking, involving storks 
and flycatchers, may well be quoted from the 
famous explorer Samuel W. Baker. Near the 
Blue Nile in Abyssinia, he writes : 

During the march over a portion of the country 
that had been cleared by burning, we met a remark- 
ably curious hunting-party. A number of the com- 
mon black and white stork were hunting for grass- 
hoppers and other insects, while mounted upon the 
back of each stork was a large copper-colored fly- 
catcher, perched like a rider on his horse, keeping 
a bright look-out for insects, which from its elevated 
position it could easily mscover. ... I watched 
them for some time; whenever the storks perceived 
a grasshopper or other winged insect, they chased 
them on foot, but if they missed their game, the fly- 
catchers darted from their backs and flew after the 
insects like falcons, catching them in their beaks, 
and then returning to their steeds to look for an- 
other opportunity. 

Some birds should be accustomed to pick- 
aback, as they begin young. Who has not 
seen domestic chicks, or peepies, climbing 
about or resting upon a reclining henf 
When she gets up and begins to walk, how- 
ever, they cannot stick but despite every ef- 
fort slide off, breaking the fall by flapping 
their little wings. The same chick behavior 
is seen in related birds, as the bobwhite and 
ruffed grouse, and may be generally char- 
acteristic of the grouse-quail-partridge alli- 
ance. The young of certain water birds suc- 
ceed better as jockeys, riding their parents 
who can swim so much better and faster than 
they. Birds manifesting this habit are the 
greb^, loons, and swans. In 1672, Nicolas 
Denys wrote that great auks carry the young 
on their backs and take them as far as the 
Bank — ^presumably the Great Bank off New- 
foundland. 

It seems possible that parental aid may be 
in some instances extended to young that are 
well grown. One further step would result 
in similar collaboration among adults. There 
are apparent illustrations of both of these 
traits. As to the first, George H. Mackay, a 
New England sportsman of the highest 
veracity, wrote in the leading American orni- 
thological magazine on the Behavior of a 
Sandhill Grane^^; 

While shootiiig near Maflelia, Miimesota, one au- 
tumn day some years ago (Get. 1 or 2, 1873), my 


companion, Mr. Horace Thompson of St. Paul, 
slightly woimded with a rifle hall at long range an 
immature SandhiU Crane {Grus mexicana) which 
with several others was resting on the prairie. At 
the report they all flew away except the wounded 
bird and one other which apparently was its parent. 
The wounded bird, after a number of unsuccessful 
attempts to fly (assisting itself by first running, 
accompanied by the parent which kept beside it), 
finally succeeded in rising some ten or fifteen feet 
from the ground, but it evidently could not long 
sustain itself in the air. The parent bird, perceiv- 
ing this, deliberately placed itself underneath the 
wounded one, allowing it to rest its feet on her back, 
both birds flapping away aU the while. In this posi- 
tion she actually succeeded in bearing it off before 
our eyes for quite a distance to a place of safety, 
where we would not follow it. It was one of the 
most touching examples of parental affection in a 
bird that has ever come under my observation. 

Tbe other illustration, attributable to no 
individual, and not as clear cut, may be 
worth citing from the authority of Forest 
and Stream in which it appeared. It alleges 
assistance in flight to a wounded member of 
a flock of Canada geese. 

It is undeniable that the young of certain 
birds ride their parents and that some adult 
birds habitually perch upon stationary or 
even slowly moving animals, including larger 
members of their own order. The question 
remains whether any birds are carried by 
their fellows in full flight. Folklore says 
they are ; science does not know. 

According to Ernest IngersoU, ^‘The Ara- 
wak Indians of Venezuela relate that their 
ancestors obtained their first tobacco plants 
from Trinidad by sending a hummingbird, 
mounted on a crane, to snatch and bring 
back the jealously guarded seeds. 

The European quails, smaller than ours 
but with similar short, cuppy wdngs adapted 
to swift bursts of flight but apparently not 
to protracted migration, nevertheless cross 
the Mediterranean Sea. Unable to believe 
that they do so under their own power, peo- 
ple conceived the idea that they make the 
journey as passengers upon cranes. Pierre 
Belon mentioned this belief in 1555, but it is 
much older, in fact it is traditional. The 
Tartars of Siberia believed that corn-crakes 
were carried southward by cranes. 

Henry J. Van-Lennep refers to small bird 
travel by cranesback in his book Bible Lands 
(1875) but writes as one assuming, rather 
than proving, the fact. He says, in part : 
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We Iiave often been struck witb tbe great number 
of iirds, particularly of the smaller species, which 
inhabit Western Asia, as compared with Europe and 
North America. We have so often made this obser- 
vation upon the three continents, that it seems to be 
a fact settled beyond a doubt. The most natural 
explanation of this circumstance lies in the fact that 
the feathered tribe, even those of feeblest wing, have 
an easy road from Palestine, Syria, and Mesopo- 
tamia, by the Isthmus of Suez, and over the narrow 
Bed Sea, to their winter-quarters in tropical Africa, 
while nature has provided them with extraordinary 
means of conveyance from Asia Minor southward 
across the Mediterranean, which will presently be 
described. ... He who is ever mindful of the small- 
est of his creatures has provided them with means 
of transportation to a more genial clime. Many of 
them, indeed, find their way downward from Pales- 
tine into Arabia and Egypt, but this would be di 6 Sl- 
cult, if not impossible, where lofty mountains and 
broad seas intervene 5 and to meet such cases the 
crane has been provided. ... In the autumn, numer- 
ous flocks may be seen coming from the north with 
the first cold blasts from that quarter, flying low, 
and uttering a peculiar cry as if of alarm, as they 
eirole over the cultivated plains. Little birds of 
every species may then be seen flying up to them, 
while the twittering songs of those already comfort- 
ably settled upon their backs may be distinctly 
heard. On their return in the spring, they fly high, 
apparently considering that their little passengers 
can easily find their way down to the earth. 

It is not clear whether this author means 
that he has personally seen the phenomenon 
described; another writer implies that he 
has, but he r-emains unidentified. In a letter 
published in the iVew York Evening Posi, 
November 20, 1880, a correspondent using 
the pseudonym, * ‘ Phone/ ^ writes of ^*The sin- 
gular methods of travel the wagtail adopts 
to cross the Mediterranean Sea/^ He says, 
*'In the autumn of 1878, on the Island of 
Crete, the vDlage priest called my attention 
to the twittering and singing of small birds 
distinctly heard when a flock of cranes 
passed on their southward journey. Upon 
discharge of a gun, three small birds were 
^n to rise from the flock and soon disap- 
peared among the cranes. 

If **Phone’^ had been George Newbold 
townmee, an eminent New York ornitholo- 
gist of the period, or were otherwise identi- 
jfpa as an accurate and credible observer, we 
; ^orild perforce bdieve that there is some- 
Jlpiig in ^ ferrying service. As it 
im can condluae, **inter^tmg if 

of which have 


not thus far been seen by me, quote a German 
author as saying it is ‘‘believed at Cairo 
that wagtails and other small birds cross 
from Europe to Nubia and Abyssinia on the 
backs of storks and cranes,’’ and a Swedish 
traveler as stating that on the Island of 
Ehodes “where the storks came in flocks over 
the sea . . . he often heard the notes of 
small birds, without being able to see them ; 
but on one occasion he observed a party of 
storks just as they alighted, and saw several 
small birds come off their backs.” 

As reported in North America on the basis 
of Indian belief, a supposed instance of 
crane-assisted migration has various points 
of dubiety. It was recorded by J. C. Merrill, 
an accomplished and reputable bird student, 
but only upon hearsay. There is a general 
belief among the Crow Indians of Montana, 
he notes, that a bird, apparently a grebe, 
which they call the cranesbaek, arrives and 
departs with the sandhill crane. “About 
ten or fifteen per cent, of cranes are accom- 
panied by the ‘crane’s back,’ which, as the 
crane rises from the ground flutters up and 
settles on the back between the wings, re- 
maining there until the crane alights.” The 
Cree Indians have a similar story involving 
the white or whooping crane. 

In comment, it must be said that grebes are 
birds of rather substantial size, and a pound 
or more in weight, which can by no means 
nestle among the feathers of cranes, and that 
their feet are very ill-adapted to clinging to 
anything. The Indian legend refers to ‘‘a 
constant chattering whistle” made by the 
alleged crane riders and grebes have no such 
note. 

Ernest IngersoU again contributed an in- 
teresting item to the record, saying : 

Hr. E. Hagland, of Theiien, Alberta, wrote to me 
as follows in a casual way, without auy prompting, 
in April, 1919: ‘‘One fall a flock of cranes passed 
over me flying very low, and apart from their squawk- 
ing, I could distinctly hear the twittering of small 
birds, sparrows of some kind. The chirping grew 
louder as the cranes drew towards me, and grew 
fainter as they drew away; and as the cranes were 
the only birds in sight I concluded that little birds 
were taking a free ride to the south. 

la -writiag of the Canada goose, John Rae, 
lie well-kno'ma explorer, states : 

The Cree TaSaos at both these places [Moose and 
Todc Tactodes], ass^i that a smaQ hrow 
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bird uses this goose as a couvenient means of trans- 
port to the north, and that they have been often seen 
flying off when their aerial conveyance was either 
shot or shot at. The little passenger has been 
pointed out to me, but I have forgotten its name. 
Certainly it makes its appearance at the same time 
these geese do, which, by the way, are the only kind 
that are said to carry passengers. The natives of 
the Mackenzie Eiver, more than a 1000 miles to the 
north-west, teU the same story, so I believe in its 
truth. 

In a separate statement Rae says, ‘‘An in- 
telligent, truthful, and educated Indian 
named George Rivers, who was frequently 
my shooting companion for some years, as- 
sured me that he had witnessed this, and I 
believe I once saw it occur.” 

John Richardson sharpens the details of 
this story but does not, like Rae, aflSrm that 
he accepts it. His account is ; 

The Indians believe that a small flneh [the Lap- 
land longspur] {Plectrophanes lapponica) avails it- 
self of the strength of wing of the Hutchings goose, 
and nestles among its feathers during its flight. 
When a goose is shot, they often see the small bird 
flying from it. Neither Mr. Bae nor I noticed such 
an occurrence, nor did I obtain a confirmation of it 
from the personal observation of any of the gentle- 
men resident in the country, but it is generally 
affirmed by the Indians. 

A related item involving Maine Indians is 
given by A. F, Gilmore in a book published 
in 1919: 

The old Penobscot Indian who sometimes acts in 
the capacity of guide on my excursions into the north 
woods assures me that his tribe believe that all the 
^little chip birds ^ make the long migrating journey 
by clinging to the backs of the larger birds, strong 
fliers as Loons, Geese, Ducks, Herons, etc., stealing 
a ride as it were. 

What is perhaps only an example of 
“newspaper science,” from a St. Louis jour- 
nal in November 1936, alleges that a hum- 
mingbird was found nestled in the feathers 
of a Canada goose shot at Williams Lake, 
British Columbia, 

European geese are mentioned as migra- 
tion aiders in one rather roundabout record. 
A correspondent of the London Field gives 
his recollection of an article in the Newcastle 
WeeTcly Chronicle to the effect that an Eng- 
lish ship’s captain saw in the Strait of Gi- 
braltar a flock of geese passing from the 
Airican to the European coast. With the 
glass, small birds about the size of larks were 
seen to rise from the backs of the geese and 


to return. The observation is said to have 
been verified by several people. 

Now for a most circumstantial account of 
avian pickaback, involving a smaller bearer 
than any previously mentioned. T. H. Nel- 
son, the correspondent just referred to, had 
it from a Mr. Wilson, foreman on the South 
Gare Breakwater at the mouth of the Tees 
River, England. Wilson said ; 

I was at the end of the Gare on the morning of 
the 16th of October [1879] and saw a Woodcock 
Owl’^ [short-eared owl] come flopping across the 
sea. As it got nearer I saw something sitting be- 
tween its shoulders, and wondered what it could be. 
The Owl came and lit on the gearing within ten 
yards of where I was standing, and, directly it came 
down, a little bird dropped off its back and flew 
along the river. ... We followed the little bird and 
caught it. 

Nelson was shown the specimen, which was 
a golden-crested wren or kinglet, and he 
says, “I have every reason to believe that 
what I have written is correct.” 

Are we, as distant reviewers, to believe 
these tales or to reject them? “Where there 
is so much smoke, there must be some fire,” 
goes the adage, and we may well heed it in 
judging the evidence presented as to birds 
riding upon birds. Knowing that tired mi- 
grants alight upon moving vessels, we should 
not doubt too strongly that they sometimes 
avail themselves of transport by large birds. 
Admitting that this pickaback phenomenon 
actually occurs, we need not grant, however, 
that it is an important factor in bird migra- 
tion. For one reason, small birds always 
outnumber the large and could by no means 
find accommodation on their bac^. For in- 
stance, the longspur riders of one of the 
American tales number thousands to the hun- 
dreds of their supposed steeds, the Canada 
geese, and some such disproportion of num- 
bers prevails in every case. Manifestly pick- 
abacking cannot be a major factor in migra- 
tion. Yet as to its simple occurrence, there 
can hardly be disbelief. 

Legendry is even more hospitable to 
strange beliefs than are younger stages of 
folklore, hence we are not surprised to learn 
that the very widespread European tradition 
of the sovereignty of the wren over all birds 
has a pickaback basis. 

Tbe foUowiug version is taken from Tbompson^s 
** Birds of Ireland. ... In a grand assembly of 
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all the birds of the air, it was determined that the 
sovereignty of the feathered tribe should be con- 
ferred upon the one who should fly highest. The 
favorite in the betting was of course the eagle, who 
at once, and in full confidence of victory, commenced 
his flight towards the sun: when he had vastly dis- 
tanced all competitors, he proclaimed with a mighty 
voice his monarchy over all things that had wings. 
Suddenly, however, the wren, who had secreted him- 
self under the feathers of the eagle’s crest, . . . 
popped from his hiding-place, flew a few inches up- 
wards, and chirped out as loudly as he could, Birds, 
look up and behold your king ! ’ ’ 

A German version substitutes the stork as 
carrier. 

Algonquin Indians of America had a simi- 
lar myth relating to a linnet and eagle but it 
had a more practical ending. In a test as to 
which bird could fly highest, the eagle flew 
as high as it could ‘‘when the gray linnet, a 
very small bird, flew from the eagle’s back, 
where it had perched unperceived, and being 
fresh and unexhausted, succeeded in going 
the highest.” However, the eagle was given 
the prize because it had carried the linnet on 
its back. 

In the Western Hemisphere, we have va- 


rious birds which temporarily ride other 
birds. Hummingbirds of a variety of species 
do this in defense of their nesting territories. 
The Argentine chope, a blackbird closely re- 
lated to the boat-tailed grackle previously 
mentioned, according to W. H. Hudson, 
fights off predatory birds even as large as the 
caracara eagle, “pouncing down and fasten- 
ing itself on the victim’s back, where it holds 
its place till the obnoxious bird has left its 
territory.” 

The legends previously referred to con- 
cerned stratagems to obtain recognition as 
king of birds, but in America we have in real 
life a pickaback bird which at every oppor- 
tunity asserts its right to the title “king.” 
This is the well known bee-martin, or king- 
bird, which attacks other birds regardless of 
size. Crows, hawks, vultures, and eagles, 
look alike to him. Either because of his 
smaller size and adroitness or because he 
really bluffs them, he seldom meets resistance. 
Screaming malediction and defiance, he pecks 
at them, pulls their feathers, and literally 
rides them off the field of battle. 


THE CRANE’S BACK 


I notice that in the Forest and Stream of Dee. 23 
you reprint a letter published in the Evening Post 
on the subject of wagtails crossing the Mediterranean 
Sea on the backs of cranes and storks. This has the 
indorsement of the eminent ornithologist von Heug- 
lin, and induces me to report a general belief among 
the Crow Indians of Montana that the sandhiU crane 
performs the same office for a bird they call napite- 
sJm-utle or ^‘the crane’s back.” This bird I have 
not yet seen, but from the description it is probably 
a small grebe. It is ^^big medicine,” and when 
obtained is rudely stuffed and earefiiUy preserved. 
I hope to have one brought to me soon for identifi- 


cation .... many of their hunters and chiefs have 
assured me that they have frequently seen the birds 
carried off in this way. At these times the bird is 
said to keep up a constant chattering whistle, which 
is the origin of the Crow custom of warriors going 
into battle each with a small bone whistle in his 
mouth; this is continually blown, imitating the note 
of the crane’s back, and, as they believe, preserves 
their ponies and themselves from wounds, so that in 
case of defeat they may be safely carried away as 
is the napite-shu'^tle^ The Cree Indians are said to 
observe the same habit in the white crane. — C. 
Meebill, Forest and Stream, March 10, 1881, p. 105. 



THE BRAZILIAN RACIAL SITUATION 

By DONALD PIERSON 


Probably the most significant and far 
reaching event of the past five hnndred years 
has been the expansion of western Europe. 
Its ecological, economic, political, and cul- 
tural consequences have extensively modified 
human living throughout virtually the entire 
world and, incidentally, have presented us 
with most of our present social and cultural 
problems. 

Although the general character of the ex- 
pansion of western Europe is familiar, it 
may be useful to recall here some of the 
more important incidents connected with it. 
For instance, extensive explorations and dis- 
coveries from the fifteenth to the present 
century have made known to large numbers 
of Europeans even the most inaccessible out- 
lying regions. Invasion and conquest, the 
establishment of mandates and protectorates, 
the demanding and obtaining of extraterri- 
torial rights had at the outbreak of the pres- 
ent war brought under European political 
control 84 percent of the world ^s surface and 
69 percent of its peoples. Moreover, in the 
course of this expansion, widespread disper- 
sions of population have occurred. Large 
numbers of Europeans left their homes and 
migrated to other lands, especially to the 
New World, but also to Australia, to New 
Zealand, to South and North Africa, and to 
other areas. At the present time it is esti- 
mated that there are approximately 160 mil- 
lion people of European origin living outside 
Europe. 

As one of the consequences of the several 
attempts of these European peoples to root 
themselves in new habitats, an extensive 
slave trade developed which, combing the 
coasts and interior regions of Africa for 
approximately four centuries, transported 
millions of Africans into the United States, 
the West Indies, and Brazil. And, following 
the abolition of slavery throughout the Brit- 
ish Empire in 1833 and, by 1865, in nearly 
all parts of the world, the development of a 
contract labor system had as one of its results 
the migration of hundreds of thousands of 
Chinese and natives of India into South and 


East Africa (especially into the Transvaal 
and Natal), into Siam, Malaya, the Dutch 
East Indies, Burma, Ceylon, and the West 
Indies. Thousands of other Asiatics subse- 
quently left Asia for the islands of the South 
Seas, the Americas, and other regions. At 
the present time, between 16 and 17 million 
people of Asiatic origin are estimated to be 
living outside Asia. Of Bast Indians alone 
4,125,000 have migrated beyond the borders 
of India. They now compose two-thirds of 
the population of Mauritius, or approxi- 
mately 150,000; one-half of the population 
of British Guiana, or approximately 145,000; 
one-third of the population of Trinidad, or 
approximately 140,000. In some eases, they 
are supplanting the natives. For instance, 
in the Fiji Islands, the East Indians in 1921 
numbered 60,000, while the Fijians num- 
bered 84,000. In the subsequent sixteen 
years, the East Indians increased approxi- 
mately 29,000, while the Fijians increased 
only about one-half of this number. 

Also incidental to the expansion of West- 
ern Europe was the diffusion of European 
culture over large areas of the world ^s sur- 
face until its often subtle infiuences have 
penetrated, to a greater or lesser extent, even 
the more isolated and remote regions. Euro- 
pean artifacts are now commonly found all 
over the world; for example, the Standard 
Oil can (because of its manifold uses, a 
prized possession of many present-day feudal 
and folk peoples), European rifles, cannon, 
war-ships, airplanes, automobiles, tractors, 
cameras, electric lights, cigarettes, rubber 
goods, and chemicals. European languages 
are now spoken by millions of people outside 
Europe. European clothing has, to a greater 
or lesser extent, supplanted native garb 
throughout North and South America, the 
West Indies, Japan, Hawaii, the Philippines, 
Australia, New Zealand, Turkey, Egypt, 
India, China, and South AJErica. European 
religions have now crowded out, or are in 
serious competition with, the native religions 
of the Americas, Africa, Australia, New 
Zealand, the South Sea Islands, China, and 
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India. European ideas, attitudes, senti- 
ments, points of view, and philosophies of 
life have been widely diffused by such human 
agencies as missionaries, traders, soldiers, 
sailors, colonial administrators, scientists, 
and tourists; by indirect means, like radio 
broadcasts, newspapers, magazines, and 
books; as well as by those native men and 
women who, subsequent to a period of study 
in Europe, have returned to their native 
lands to become powerful centers of Euro- 
pean diffusion. 

But probably the most significant of all 
the events connected with the expansion of 
western Europe, at least so far as its actual 
contribution to this expansion is concerned, 
has been the development of a world-wide 
economic order. This world-wide economic 
order, based upon European manufactures 
and the persistent exploitation of natural 
resources in all parts of the world in order 
to provide the necessary raw materials, has 
involved the operations of a vast commercial 
fleet to carry raw materials to Europe and 
to distribute, in turn, European articles of 
manufacture over all the outlying areas. 

The export from Europe of capital and 
machinery marked the final phase of the 
entire expansion process. It marked the 
final phase because this export of capital and 
machinery resulted in the development of 
manufacturing centers in outlying areas, 
particularly in India, China, South Africa, 
South America, and in other places where 
local production is now coming seriously into 
competition with European manufactures. 
This increasing competition for local markets 
has been intensified in recent years by the 
counterexpansion of Japan, whose people, 
accepting those elements of European cul- 
ture which were advantageous to them and 
discarding all else, seriously entered the 
markets of the world, at an enormous dis- 
advantage to Europe. AU this has led to 
iheri^ismgly ^vere competition between 
European nations for constantly shrinking 
Inarkets, md has contributed in no small way 
to dedining profits, to **frozen^^ credits, 
femneid crises, depresmons, and wars. 

, ■ Siotce this competition, in all likdihood, 
wffl not grow Jete m the future but, on the 
wffl probably increa^, Etnropean 
‘ of Urn world is xiow 
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apparently at, or near, an end. European 
ecological expansion began to diminish early 
in the present century, and the settlement 
abroad of great numbers of Europeans prac- 
tically ceased two decades ago. The political 
domination of Europe also appears to be 
suffering serious strain with the rise of 
nationalism all along the line of European 
advance — ^in India, Egypt, Turkey, Morocco, 
China, and South Africa, Even if Germany, 
with her recent remarkable military devel- 
opment, should be able to reshuffle European 
political control, it is doubtful if she could 
long stem the rising tide of nationalism, par- 
ticularly in Asia, any more effectively than 
could Great Britain, France, or any other 
imperial power. Only the cultural expan- 
sion of Europe, proceeding as it does by 
more subtle means, appears to be likely to 
continue indefinitely in the future. 

I have sketched the expansion of Europe 
in some detail in order to suggest a fruitful 
frame of reference for the study of the con- 
tact of races in the New World. The expan- 
sion of Europe is a distinct historical process. 
It constitutes an era of world history which 
had a definite beginning and which, as care- 
ful observers of the present scene are point- 
ing out, is now at, or near, an end. It has, 
therefore, a unitary character which makes 
it a thing like any other natural object and 
consequently subject not only to study in 
terms of itself but also to comparison with 
other instances of the same type; subject to 
comparison, for example, with the Greek and 
Roman expansions in the ancient world, with 
the so-called barbarian’' invasions of the 
Roman Empire, the Arab migrations across 
north Africa and into the Iberian peninsula, 
and the Mohammedan expansion into north- 
ern India. 

Not only is the expansion of Europe, as a 
unit, comparable to other cases of expansion, 
but the varying circumstances and condi- 
tions under which it proceeded in different 
parts of the world and at different periods 
of time, together with the varying series of 
consequences thus elicited, are themselves 
capable of comparison and, hence, of yielding 
a body of general data. 

The coming together in Brazil of Euro- 
peans and native Indians and the subsequent 
importation of Africans were incidents of 
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this expansion, as similarly was the coming 
into contact of Europeans and native Indians 
in the United States and the subsequent im- 
portation of large numbers of Africans into 
that country. Since the cultural conse- 
quences of these contacts differed, as well as 
the conditions and circumstances under 
which they took place, a detailed study of 
these variations may conceivably throw sig- 
nificant light upon the precise nature of the 
cultural processes involved and upon the 
ways in which, under given circumstances, 
they operate. 

One incident extensively connected with 
the expansion of Europe was the develop- 
ment of a plantation system in several differ- 
ent regions of exploitation. For instance, in 
recent years, huge rubber plantations have 
appeared in Sumatra, the Malay peninsula, 
East and West Africa, and in regions of the 
New World. During the 16th, 17th, and 18th 
centuries, sugar plantations fiourished on 
several islands of the West Indies. During 
the 17th, 18th, and the first half of the 19 th 
centuries, in particular, huge cotton and 
tobacco plantations dotted the southern parts 
of the United States. During the 16th and 
17th centuries there developed in Brazil, par- 
ticularly at Bahia and Pernambuco, one of 
the world ^s first great centers of sugar cane 
production, where a planter aristocracy grew 
rich furnishing sugar for the tables of 
Europe. This commerce eventually became 
so extensive that sugar, which previous to 
its cultivation in Brazil had been rare in 
Europe, became a common article of Euro- 
pean commerce. In 1800, an English smug- 
gler, Thomas Lindley, imprisoned at Bahia, 
looked out over the shipping in the harbor, 
and wrote, ^‘a degree of wealth, unknown in 
Europe.^’ 

The development of these 16th, 17th, 18th, 
and 19th century plantations in Brazil, the 
West Indies, and the United States created 
an ever-increasing demand for cheap labor 
and eventually led to the importation of 
African slaves on a huge scale. It is esti- 
mated that from 1680 to 1786, 2,130,000 Afri- 
cans were brought into the West Indies and 
the United States. Hispaniola alone is said 
to have received 1,000,000 during the entire 
slave period. Since, following emancipation 
in 1888, all ofScial records of the Brazilian 


slave trade were destroyed, the number of 
Africans imported into this part of the New 
World probably never will be known with 
any exactitude but it was, in aU probability, 
greater than the number imported into either 
the West Indies or the United States. Al- 
though the slave trade was presumably abol- 
ished in Brazil in 1831, it is estimated that 
during the quarter century from 1825 to 
1850, 1,350,000 Africans were disembarked 
in her ports. 

The subsequent careers of these imported 
Africans varied with place and with the cir- 
cumstances and conditions of contact and 
subsequent racial experience. It is for this 
reason that the exhaustive study of the cir- 
cumstances and conditions surrounding each 
case of contact, and the subsequent compari- 
son and contrast of cases, conceivably may 
throw significant light upon the problems, 
practical as well as theoretical, growing out 
of race contact, problems which, with in- 
creasing speed of communication and the 
consequent shrinking of the earth ^s surface, 
are coming each year to be more and more 
acute. As an important part of this exten- 
sive study, we may set down here the more 
significant facts regarding the career of the 
African in Brazil. Unfortunately, it is pos- 
sible to cite here only the general outline of 
this career. Those who are interested in the 
detailed investigation upon which these gen- 
eralizations are based will find considerable 
information in the writer’s book, Negroes in 
Brazil, A Study of Bace Contact at Bahian 
(University of Chicago Press, 1942). 

Of particular significance is the fact that, 
although probably more Africans were im- 
ported into Brazil than into any other region 
of the New World, the Negro, like the Bra- 
zilian Indian before him, is apparently dis- 
appearing as a racial unit. The general 
tendency throughout Brazilian history seems 
to have been to absorb, gradually but inevit- 
ably, all ethnic minorities into the predomi- 
nately European stock. 

It is true that the mixed-bloods are increas- 
ing, but their increase appears to be at the 
expense of the African and not of the Euro- 
pean. Nor is there growing up in Brazil a 
relatively permanent mixed racial stock, like 
the Macanese in China, the Goanese in India, 
or the ‘‘Cape Coloured^’ in South Africa. 
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Instead, the mixed-bloods appear to be 
gradually absorbing the blacks, while they 
themselves are increasingly being incorpor- 
ated into the predominately European stock. 

In the development of this general ten- 
dency to amalgamate and to assimilate all 
ethnic minorities, the circumstances and con- 
ditions of colonial settlement played a sig- 
nificant role. In Brazil, unlike the United 
States, few European women emigrated dur- 
ing the first years of colonization. Until 
stable living conditions and a normal dis- 
tribution of the sexes were achieved, the co- 
habitation of Portuguese men with native 
Indian women commonly took place. In this 
way there was assured a population large 
enough to colonize successfully the new fron- 
tier, in spite of the fact that the mother coun- 
try, Portugal, was unable to provide it by 
reason of the drain upon her slender popula- 
tion resources to conquer and to maintain 
the Empire in Africa and the East Indies. 
When Thome de Souza, in 1549, established 
the first permanent settlement at Bahia, he 
found on and about the Bay of All Saints 
on which the city was built a large number 
of mixed-blood descendants of Portuguese 
sailors and adventurers who for some years 
had been living with the Indians. Many of 
Thome de Souza men took mates from 
among these mixed-bloods ; others cohabited 
with pure Indian women. These interracial 
unions, as in Goa and elsewhere throughout 
the Portuguese dominions in the East, were 
subsequently encouraged as a matter of pol- 
icy by the Portuguese state, and the Catholic 
Church, as Gilberto Freyre in Casd grande e 
senzala puts it, “regularized them into 
Christian marriage,^’ thereby lending re- 
ligious sanction to interracial crossing and 
bringing parents and children within the 
control and discipline of the Church. Thus, 
there gradually grew up and became firmly 
fixed in the mores of colonial Brazil a tradi- 
tion of intermarriage. 

This case of racial intermarriage during 
the precarious days of settlement is not 
unique in the history of European expansion. 
In fact, in those instances in which the sex 
ratio was out of balance, it seems to have 
been univer^. The settlement of the United 
Stat^ at least in large part, was not one of 
these ea^ But the settlement of South 


Africa by the Dutch, and of India by the 
English, were accomplished under similar 
circumstances. In both of these cases, the 
mixed-bloods were at first accorded the treat- 
ment and the career usually accorded the 
progeny of fathers whose normal parental 
sentiments do not run counter to caste senti- 
ments laid down in the mores. On this fron- 
tier, as on all frontiers, a new society was 
emerging, and the mores which grew up and 
crystallized into fixed and relatively perma- 
nent customs were the result of the unwit- 
ting and unplanned responses of human 
beings to the needs of their time and place. 

Miscegenation, particularly when linked^ 
with intermarriage, resulted in bonds of sen- 
timent between parents and offspring which 
hindered the arising of attitudes of race 
prejudice and at the same time placed the 
mixed-bloods in a favorable position for 
social advancement. With rise in class, 
intermarriage between whites and mixed- 
bloods, especially those of the lighter shades, 
became increasingly common. 

Thus, endogamy has for some time been 
breaking down in Brazil, particularly along 
the biological borders of the races and, with 
the continued rise of individuals from the 
inferior status group, this tendency is evi- 
dently increasing. It is true that color and 
negroid features are still symbolic of slave 
origin, and that these racial marks still tend 
to be closely identified with low status, and 
to constitute for this reason an obstacle to 
marriage into the upper classes. But these 
symbols tend to lose their restraining char- 
acter not only in proportion to the degree 
white intermixture increases, but also, and 
more importantly, in proportion to the de- 
gree their traditional meaning is called into 
question, in the case of a given individual, by 
evidences of other qualities associated with 
status in the upper levels of society. 

One should point out in this connection 
that, in general, slavery in Brazil, as also 
to a considerable extent in the United States, 
was characterized by the development of in- 
creasingly intimate primary relations be- 
tween master and slave, and that the resul- 
tant personal attachments inevitably tended 
to humanize the institution of slavery and 
to undermine its formal character. Thus, 
Brazilian slave society became organized, to 
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a considerable extent, on a familial and per- 
sonal basis. The custom of manumission 
became firmly intrenched in the mores, con- 
stituting, at least under certain circum- 
stances, universally expected behavior, Bra- 
zilian Negroes were thus released from a 
servile status gradually and under circum- 
stances which favored the continuance of 
intimate personal ties already built up. 

Moreover, emancipation sentiment in Bra- 
zil never suffered from a wave of fear like 
that which swept over our South after the 
Negro uprising in Haiti and the disorders 
attendant on the subsequent annihilation of 
the Haitian whites. Neither was it limited 
to any one section of Brazil, but on the con- 
trary penetrated every community. Even in 
Bahia, where the institution of slavery was 
apparently very firmly rooted, individuals 
and organizations possessing prestige in the 
eyes of the community, and including a con- 
siderable portion of the press, took up the 
slaves’ cause. Thus, the “struggle for con- 
sistency” in the Brazilian mores between the 
ideas associated with slavery, on the one 
hand, and the ideas disseminated by the 
Church, the French Eevolution, and the 
abolitionists, on the other, went on imide 
each local community where it had in its 
favor the intimate and personal relations of 
individuals who not only lived in close 
proximity to each other but also were bound 
together by intimate ties of family, religion, 
and friendship. Final emancipation came 
about as the culmination of a widespread 
liberation movement which for years had 
dominated the public mind. Thus, the re- 
lease of the last slaves in bondage did not, 
as in the United States, occur as an incident 
of civil war; nor was the pattern of race 
relations which had grown up and taken 
form during slavery ever submitted to the 
strain of a social upheaval following a crush- 
ing military defeat and the imposition of 
policies of “reconstruction” from without. 

Thus, the Brazilian white has never at any 
time felt that the black or the mixed-blood 
offered any serious threat to his own status. 
No feelings of fear, distrust, apprehension, 
dread, resentment, or envy, have been stirred 
up, as in the South during and following the 
Civil War, no sense of unwarranted aggres- 
sions or^ attacks. It is probably for these 


reasons that race prejudice, as it is under- 
stood in the United States, does not exist in 
Brazil. For race prejudice appears to be a 
function of a racial situation in which a 
dominant race senses, either consciously or 
tmconsciously, a threat to its status. 

In general, the present economic status of 
the Brazilian Negro, at least as I have in- 
timately known him in Bahia, is not greatly 
dissimilar to that of the North American 
Negro. Either pure or mixed with the white, 
the Brazilian Negro is represented to some 
extent throughout the entire occupational 
scale. However, as one might expect, con- 
sidering his original slave status, his rela- 
tively disadvantaged position upon receiving 
his freedom, and the comparatively brief 
time he has been able to compete on more or 
less equal terms with the white, the Brazilian 
Negro is still concentrated in the low-pay, 
low-status employments. 

It is possible that the Brazilian blacks and 
mixed-bloods, lacking as they do in most 
cases the profound sense of inferiority which 
has long been characteristic of the Negro in 
the United States, particularly of the mixed- 
bloods, have been less activated by personal 
ambition and consequently have not per- 
haps, as a group, risen in class as rapidly as 
has the Negro in the United States. Feeling 
themselves less under the necessity of demon- 
strating to a hostile white world their indi- 
vidual talents and abilities, they have not 
been driven by the same powerful incentive 
for social advancement. 

But it is exceedingly important to note 
that this rise in class on the part of the Bra- 
zilian blacks and mixed-bloods, when it does 
occur, is recognized not merely inside the 
Negro world, as is largely the case in the 
United States, but by virtually all members 
of the Brazilian community. 

In Brazil, there is no deliberate segrega- 
tion as one ordinarily finds where races have 
been embittered for a long time ; residential 
distribution of the racial elements is largely 
the consequence of economic sifting. Such 
isolation as does exist is in large part due to 
differences in economic and educational level, 
or to the Negro’s identification with African 
cultural survivals, particularly the fetish 
cult. For the assimilation of the Africcmos, 
particularly in the five principal centers of 
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Negro concentration — ^Bahia, Recife, Maran- 
hao, Rio de Janeiro, and the interior of 
Minas Gerais — ^while now far advanced, is 
not yet complete. African cultural elements 
still persist, particularly the attitudes, senti- 
ments, and ideas associated with religious 
practices, thus setting apart to some extent 
a portion of the black population. 

Lynching and the rape of white women by 
colored men are unknown, ^‘passing’’ is un- 
necessary, and circumstances are not or- 
dinarily conducive to the appearance of the 
personality known as the marginal man.’^ 

Since, then, the blacks, the mixed-bloods, 
and the whites do not constitute endogamous 
occupational groupings, the social structure 
in Brazil is not that of caste. Nor does the 
Negro in Brazil appear to be, as he is in the 
United States, developing into a highly self- 
conscious racial minority in free association 
with, but not accepted by, a dominant racial 
majority. Instead, the entire organization 
of society tends to take the form of a freely 
competitive order in which individuals find 
their social position on the basis of personal 
competence, individual achievement, and 
fortuitous accident, rather than on the basis 
of racial descent, a fact which is perhaps 
best reflected in the saying commonly heard 
at Bahia, ‘‘A rich Negro is a white man, 
and a poor white man is a Negro.” 

The Brazilian racial situation is, then, 
sufficiently distinct from those racial situa- 
tions in many parts of the world where a 
national or racial minority, like the Euro- 
pean Jew, or the North American Negro, 
for example, is in free association with, but 
not accepted by, a dominant national or 
racial majority, and from the racial situation 
of India, where the social order is entirely 
organized on the principle of caste, to con- 
stitute, along with perhaps the Hawaiian 
racial situation and certain others, a distinct 
type namely, a multi-racial class society. 


Although Brazil seems never to have had 
a formal racial policy, the traditional be- 
havior which grew up under the influence 
of immediate and unreflecting responses to 
the conditions and circumstances of colonial 
life gave rise to an informal racial policy, 
or racial ideology, which underlies and gives 
consistency to the mores, and appears in 
active consciousness only when the mores 
are questioned from without and individuals 
seek to make reasonable and to defend their 
customary conduct. This ideology is per- 
haps best summarized in the phrase com- 
monly heard at Bahia, ‘‘We Brazilians are 
becoming one people.” 

Thus the race problem in Brazil (in so far 
as there can be said to be a race problem) is 
in large measure identified with the resis- 
tance which an ethnic group offers, or is 
believed to offer, to eventual absorption into 
the predominantly European stock. 

This does not mean that there are no social 
distinctions in Brazil. Neither does it mean 
that there is no discrimination, that whites 
freely accept Negroes in marriage, or that 
the Negro’s conception of his role is in all 
cases identical with his status. Prejudice 
exists in all parts of Brazil. But, with the 
possible exception of certain areas of the 
south, where the arrival in comparatively 
recent years of numbers of immigrant peo- 
ples with alien attitudes and sentiments has 
perhaps modified to some extent the original 
Brazilian mores, it is class, rather than race, 
prejudice. It is the kind of prejudice which 
one finds inside the ranks of the Negro in the 
United States. The significant fact remains 
that wherever the original Brazilian mores 
prevail, a man of color not only may, by 
reason of individual ability, personal com- 
petence, or favorable circumstance, improve 
his status, but also enjoy recognition of this 
achievement on the part of white members 
of the community as well as black. 



THE UNITED FRONT 

By HARRISON HALE 


The year 1943 marked the bicentennial of 
the birth of both Antoine Laurent Lavoisier 
( August 26), Frenchman and Father of 
Modern Chemistry, and Thomas Jefferson 
(April 13), author of the American Declara- 
tion of Independence. A friend and con- 
temporary of these distinguished men was 
Pierre Samuel du Pont de Nemours, a 
Frenchman who later became an American 
and exerted a lasting influence upon the his- 
tory and industry of our country. These 
three, Lavoisier, Jefferson, and du Pont, may 
be considered as symbols of our science, gov- 
ernment, and industry; their cooperation 
presented a United Front for the advance- 
ment of civilization and the welfare of man- 
kind. 

As Jefferson was a statesman, vitally in- 
terested in science, so Lavoisier was a scien- 
tist who gave much of his time and effort 
to serving his country, only to lose his life 
by the guillotine during the troublous days 
of the French revolution. Lavoisier, too, was 
well-to-do and trained as a lawyer, but was 
also a scientist. He did not practice law, for 
he loved science and at the age of twenty- 
three won a medal for a paper on the best 
method of lighting the streets of Paris. His 
accuracy led him to doubt the Theory of 
Phlogiston, especially since the use of the 
balance showed a gain in weight in burning 
rather than a loss when the products were 
collected. The theory stated that phlogiston 
was given off when a material burned- He 
felt sure something must be taken up in 
burning and so when Priestley discovered 
oxygen on August 1, 1774, Lavoisier, before 
reaching his thirty-flrst birthday, interpreted 
the discovery, named the new gas, and soon 
became the master mind among the chemists 
of his day. His study of the elements and his 
clearly written textbook not only won the 
support of the chemists of the time but en- 
titled him to be called the Father of Modern 
Chemistry. Priestley’s discovery which 
Lavoisier interpreted marks the beginning 
of modern chemistry — ^at almost the same 
time as the birth of the American Republic. 


Lavoisier served on countless boards for 
the advancement of the welfare of the people 
of Prance, and used his scientific knowledge 
to give his country the best gunpowder then 
known. 

Since Thomas Jefferson was born April 
13, 1743, he was only thirty-three when he 
wrote what is declared by Chinard to be ‘‘not 
only a historical document,” but “the first 
and to this day the most outstanding monu- 
ment in American literature.” That so 
young a man, born and raised on the frontier 
of the Colony of Virginia, could have done 
this indicates not only innate ability of a 
high order, but also well-directed study and 
rigorous training. The fact that he spent 
two years at the College of William and 
Mary and was at home not only in Latin and 
Greek but also in several modern languages 
is not so much of an explanation as that 
made by his biographer in the Encyclopaedia 
Britanmca, “Industry and scholarship were 
the secret of his success.” He “disciplined 
himself to habits of study.” 

His background was good ; his father, Peter, 
was forceful and well-to-do, though not rich, 
and his mother, Jane Randolph, was from 
one of the most distinguished families in the 
Province. But he knew more than lan- 
guages. He knew enough of higher mathe- 
matics that “throughout life he made prac- 
tical use of the calculus.” As he himself 
said, “Nature intended him for the tranquil 
pursuits of science, in which he found in- 
finite delight,” and to which he longed to 
return. 

But there were so many demands upon 
young Tom Jefferson that science could only 
share his attention and contribute to make 
him a well-rounded, vigorous, efficient man 
without whom our country would not have 
existed just as it does today. Many states 
are in liie area acquired by the Louisiana 
Purchase, for which Jefferson was responsi- 
ble. He was “notable for his efforts to 
secure scientific exactitude.” His knowledge 
was broad and included many fields. Ad- 
mitted to the bar at twenty-three, he became 
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a snceessM lawyer but did not practice long, 
for be bad to look after bis thousands of 
broad acres witb more tban one hundred 
slaTes. He designed a more efficient plow, 
understood mapmaking, and knew something 
of paleontology, ethnology, and botany. He 
is recognized as the Father of our National 
Architecture. For eighteen years he served 
as President of the American Philosophical 
Society with headquarters at Philadelphia. 

Jefferson served as a member of the Con- 
tinental Congress, the Virginia legislature, 
Minister to Prance, Governor of Virginia, 
was the first Secretary of State, the second 
Vice-President, and the first President to be 
inaugurated in Washington. He lived for 
fifty years to a day after the signing of the 
Declaration of Independence. 

He was a great democrat, believing in the 
people and their judgment when based on 
education. *‘He formulated as perhaps no 
other American of his generation, an educa- 
tional policy for a democratic state. 

Jefferson, as Minister to France, and 
Lavoisier were both friends of Pierre Samuel 
du Pont de Nemours, only four or five years 
their senior. Du Pont was a man of energy 
and influence, loyal to the King and ap- 
pointed to numerous positions of honor and 
service. Jefferson considered du Pont the 
leading man of France. Of Lavoisier, du 
Pont said, “I have never known a man more 
willing to sacrifice fortune for friendship or 
the public weal.^’ 

In 1787, two years before Lavoisier’s great 
La Traiti de la JSlementaire Chimie was pub- 
lished, sixteen-year-old Bleuthere Iren4e du 
Pont, son of Pierre Samuel, began work at 
the Arsenal under Lavoisier and remained 
there for nearly five years until Lavoisier 
was transferred to the Treasury. 

Darker years followed ; Lavoisier was exe- 
cuted for no real reason, both Pierre and 
Irenee du Pont were arrested, their printing 
husinei^ was ransacked and their lives were 
m danger. Then the father decided that the 
family should move to the land of promise, 
America, where Victor, Ir4n6e’s older 
trother, had already gone. 

After a voyage of ninety-one days the du 
Pont party of seven adults and six children 
reSfeched Newport, Rhode Mand, on New 
Day, 1800, Many ambitious plans of 
du dhJ mot prove practicai 


Then after nearly a year Irenee went hunt- 
ing one day with a French-born, American 
artillery officer. The hunting was good and 
soon the ammunition was gone. In buying 
more the quality was found to be poor, al- 
though the price was high. This gave an 
idea which sent young du Pont back to 
France to seek financial support for his 
venture and machinery for his powder mill. 
Successful in his efforts, he was back in 
America by July. A site had to be chosen. 
After due consideration the Broom farm, 
four miles west of Wilmington on the 
Brandywine, was selected. The willows 
growing in this vicinity, which would make 
excellent charcoal for black powder, are said 
to have been one factor in the decision. E. I. 
du Pont, his wife and three children made 
the crude stone farmhouse their home. Not 
far away the powder plant was built. At 
first this was called Lavoisier Mills by 
Irenee because they ‘%ould never have been 
started but for his kindness to me.” 

The skill and energy of the founder made 
the miUs successful, furnishing powder of 
fine quality. J eff erson, then President of the 
United States, recommended that powder 
should be bought from du Pont. In the War 
of 1812 and in every other war of this coun- 
try since that time, the du Pont Company 
has been a chief source of munitions. 

Resting on the principles clearly set forth 
by Lavoisier, the science of chemistry has 
steadily grown in breadth and importance. 
United with the skill, business ability, and 
forcefulness represented by du Pont, it has 
produced an industry bringiag countless 
products for the benefit of aU men. 

In 1816 Jefferson wrote the following to 
dn Pont senior, who had returned to France : 
‘^Enlighten the people generally and tyranny 
and oppression of both mind and body will 
vanish like evil spirits at the dawn of day.” 

This generation faces a crisis in the 
world’s history and an unparalleled oppor- 
tunity. To meet it we need the United Front 
given by the ability and vision of broad- 
minded, liberty-loving statesmen, such as 
Jefferson, the scientific spirit of accuracy 
shown by Lavoisier, and the efficiency and 
resourceful daring of businessmen like E. I. 
du Pont. And these must be supported by 
intdhgent men and women everywhere. 



THE NEW HENRY GEORGE 

By Q, R. DAVIES 


While we are not at all likely to accept 
the totalitarian philosophy, the experience 
of Russia may nevertheless serve to teach us 
a lesson in theoretical economics. It is a 
lesson which has been pointed out before, but 
which has never been regarded as important. 
Of all our economists, perhaps Henry George 
came the nearest to suggesting it, but he 
failed to see its full implications. 

When the Russians adopted modern cost 
accounting methods for their ambitious cor- 
porate system, they made the simple discov- 
ery that the cost of human services — ^wages 
of management and labor — ^by no means 
equaled the value of produced income. If, 
however, all items of capital equipment, such 
as real estate and machines, were accorded 
their imputed earnings, then accounts bal- 
anced. In other words, as we weR know from 
our own experience, the cost of production, 
in the broad meaning of the term, is repre- 
sented by the earnings of capital and labor. 
Theoretically, in perfect equilibrium mar- 
kets, a unit of labor, land, and machinery 
each gets the value it adds to total produc- 
tion. 

But this matter of costs is only prelimi- 
nary to the essential point of the discovery. 
Conventional economies has always assumed 
that private earnings may be broadly classi- 
fied as payments for personal services and 
payments for saving. To us, payments for 
saving are as necessary and as justifiable as 
payments for services. It is the theoretical 
aspect of this conclusion that the Russian 
experience questions. 

If a corporate system could start its books, 
as the Russian system did, without the usual 
credits to owners of private capital, it would 
absorb the earnings which we call interest, 
dividends, and the unearned^* portion of 
profits. It then would have ample savings 
without paying for saving. However, if it 
began in conformity with free enterprise, 
and built its corporate structure by crediting 
investors, then its capital earnings would 
eventually go to investors, even though tem- 
porarily plowed back. And it would be 


obliged to hold out the attractions of interest 
or dividends to iusure further investment. 
Practically speaking, a system thus estab- 
lished could not be materially changed. 

Just what percentage of total production 
is theoretically allocated as capital earnings 
we do not know. Undoubtedly it varies from 
one country to another, and from one stage 
of development to another. Moreover, it 
could be modified by withholdings or bo- 
nuses. But on the basis of markets as indi- 
cated by our own experience, such earnings 
probably would have approximated 30 per- 
cent in the early days and 25 percent in 
recent times, while normal savings shortly 
before the Great Depression were estimated 
at 20 percent. If these estimates are correct, 
collectively we have been paying investors 
25 percent of our aggregate income to induce 
them to save 20 percent of it. But the high 
cost of saving guarantees relatively free com- 
petition, and prizes for the winners. On 
farms and in highly competitive small busi- 
nesses these prizes may be small. But un- 
earned increments and monopolistic profits 
should round out the aggregate payments for 
saving. 

The principle involved in capital earnings 
has an interesting relation to the theories of 
Henry George and the so-called single tax. 
Henry George argued that the earnings of 
land represent in effect a tax which indi- 
viduals levy upon society, and which should 
be recovered by the single tax. But he failed 
to note that the original earnings of land 
provided funds for the early stages of capi- 
tal investment. And these investments in 
turn, combined with land rent, supplied 
later capital. Consequently it may plausibly 
be argued that in the aggregate practically 
all capital earnmgs are theoretical deriva- 
tives of land rent, though over the years 
individuals may have confused the issue by 
buying and selling the properties which yield 
these earnings. Capital, therefore, may be 
said to possess an effective taxing power. lU 
levies may be called a natural tax, because 
they arise naturally from an equilibrium 
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market. Obviously this natural tax could 
not now be recovered by an enlarged single 
tax without destroying free enterprise. 
Moreover, the taxing power of capital may 
be defended on grounds of expediency. But 
at least it emphasizes the truth of the tradi- 
tional religious principle that wealth is a 
trust fund. 

The fact of capital’s natural tax helps to 
explain some of the phenomena of history. 
In a new country free enterprise doubtless 
stimulates a rapid rate of progress, inasmuch 
as it offers large bonuses to successful ty- 
coons. But as the country matures and 
wealth settles in the hands of an hereditary 
class, the incentive to take risks lessens. As 
markets become complex, as inherited capital 
loses its initial spirit of enterprise, as dimin- 
ishing investment returns are experienced, 
and as depressions become common and ex- 
treme, free enterprise systems tend to pass 
over into plutocracies, dictatorships, or mili- 
taristic empires. 

The earliest records of civilization, written 
on the clay tablets discovered by archeolo- 


gists in the Tigris-Buphrates Valley, reveal 
free enterprise in full bloom. But various 
retarding factors, such as those just men- 
tioned, produced rebellions, wars, and em- 
pires. Then progress slackened. 

Through the centuries of economic history, 
free enterprise has been revived again and 
again in frontier areas, or in old areas by the 
influence of improved transportation. And 
in each new frontier, as a rule, business has 
climbed to higher levels of invention and 
power, and has often revived old reactionary 
centers. Now that we are shedding our iso- 
lationism, new geographic frontiers should 
keep us busy for a generation or two, assum- 
ing the usual clashing of rival imperialisms. 
After that, only the frontiers of new science 
will remain. But these frontiers so quickly 
yield enlarged investment funds, that a 
paralysis of enterprise may again ensue. 

If modern democracies are to escape the 
historical fate of free enterprise systems, 
there must be an advance in social science 
comparable to that which has occurred in the 
natural sciences. 
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SOIL ACIDITY—A NUTRIENT 
DEFICIENCY 

Soil acidity Las long been considered a 
dangerous soil condition for plant growth. 
This accusation has resulted, however, as 
recent researches show, because of fallacious 
deductions from correct observations rather 
than from experimental establishment of the 
fact. 

When the application of lime as calcium 
carbonate or oxide reduced the degree of soil 
acidity and simultaneously improved the 
growth of plants, this observation led to the 
belief that the one of these two concomitant 
phenomena was the cause of the other. It 
was this common fallacy of logic, namely 
that of ascribing causal connection between 
contemporaneous manifestations, that has 
for years been responsible for the conclusion 
that soil acidity per se is dangerous. It has 
also led to the persistence of the equally 
erroneous corollary that soil neutrality must 
be beneficial. 

Research studies in the Department of 
Soils, College of Agriculture, University of 
Missouri, show that soil acidity per se is not 
injurious to plant growth within the limits 
of degrees of acidity common in soils. When 
the clay fraction of the soil takes on hydro- 
gen to give acidity other elements of positive 
electrical charge but of nutrient value are 
given off. It is then the deficiency of nutri- 
ents, or plant starvation, that is detrimental 
to the crop when the soil becomes acid. It is 
the exit of the nutrient elements rather than 
the advent of the acidity in the form of hy- 
drogen ions that is the cause. Liming is 
beneficial because it applies calcium, which 
is a plant nutrient, rather than because its 
carbonate neutralizes the acidity. 

These facts have been demonstrated by 
using carbonate compounds of elements other 
than calcium, particularly of sodium, a non- 
nutrient for plants. Neutralization of the 
soil acidity by the carbonate of sodium is not 
as beneficial as is the application of calcium 
carbonate. This demonstrated the fallacy 
in ascribing the beneficial effects of applied 
limestone to its acid-neutralizing property. 
That it is calcium that exerts the beneficial 


effect has been demonstrated by fertilizing 
plants on acid soils with calcium compounds 
that do not neutralize acidity; for example, 
with calcium chloride and calcium sulfate. 
These were beneficial to the crop growth even 
though there was no reduction in the degree 
of acidity of the soil. Consequently, the ad- 
dition of the calcium and not the reduction 
in the degree of soil acidity is the beneficial 
factor in liming. 

It has also been demonstrated that crop 
growth creates significant degrees of acidity 
by its removal of the nutrient elements or 
ions from the clay. The plant's contribu- 
tion of hydrogen to the clay and the removal 
by consumption of other positively charged 
elements replaced by the hydrogen as an 
exchange was the action making the soil acid. 
Removal of nutrients from the soil either by 
plants or by leaching waters brings on the 
acidity of the soil. We have been focusing 
attention on the entrance of the hydrogen 
to the disregard of the loss from the soil of 
the many plant nutrients that are exchanged 
in letting the hydrogen take their place. 

Furthermore, soil acidity, or hydrogen in 
the soil, is beneficial in moving nutrients into 
the plants. Spinach was grown with con- 
stant soil conditions as to nutrient supplies, 
but in one crop series the reaction of the soil 
was acid while in another it was neutral. 
Chemical analyses of the crop showed the 
spiuach grown on the acid soil to be well 
supplied with the soil-bome calcium and 
magnesium. Analyses were not made for all 
the elements. The crop had less oxalate than 
that required to make all the calcium and 
magnesium insoluble or indigestible. The 
spinach grown on the fertile acid soil was a 
deliverer of good concentrations of these two 
mineral nutrients. 

The spinach crop grown on the fertile neu- 
tral soil was quite the opposite. The concen- 
trations of calcium and magnesium bx this 
vegetable were much lower. The oxalate 
concentration was so high that it would make 
insoluble, not only aE the calcium and mag- 
nesium in these greens, but also additional 
calcium in other foods that might be mixed 
with the spinach in the stomach. 

237 
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Research has thus clearly demonstrated 
that tie natural acid condition of the soil is 
largely a ease of nutrient deficiencies. It 
has also demonstrated a more ejBSeient use 
by the crop of the applied nutrients when 
such applications allow the soil to remain 
acid. Much remains to be worked out about 
the relation of soil reaction to plant nutri- 
tion, now that we can approach the task in 
terms of these newer experimental facts. 

Wm. a. Albrecht 

STANDARDS 

If materials for industry and finished 
products for consumers were permitted to 
vary without restriction in design, size, and 
quality, life would become markedly more 
complicated, unsatisfactory, and expensive, 
and our standard of living would fall. Con- 
sequently both industry and large buyers 
have increasingly developed standards and 
specifications for the goods they make and 
buy. L. F. Adams and P. L. Alger in Indus- 
trial Standardization have defined standards 
as ‘ accurately defined processes, sizes, quali- 
ties, and tests of materials and equipment 
that have been generally agreed upon by 
makers, users, and the public as proper and 
desirable for general use.” Such standards, 
they believe, have four distinct values : 

They educate^ They set forth ideals, or quality- 
goals for the guidance of manufacturers and users 
aMe. They are invaluable to the manufacturer who 
wishes to enter a new field, and to the naive pur- 
chaser who buys a new product. 

They simplify^ They reduce the number of sizes, 
the variety of processes, the amount of stock, and the 
I^per work that largely account for the overhead 
costs of making and selling. 

oostaerue. They save the losses of defects, 
left-over pieces, and inadequate tooling that must 
accompany odddot manufacture, by allo-wing large- 
£^e prediction of standard designs. Each step in 
to drreetion justify better tooling, more careful de- 
^gn, and more precise controls, all conserving both 
"&ne and materials, 

^They certify. They serve as hall-marks of quality 
of mestimaDle value to the advertiser who points to 
^oven valu^, and to the buyer who sees the accred- 
ited traio mark, nameplate, or label. 

' / be supposed that science does not 

with the conservatism of standards 
"mth the innovations of discovery 
^ ^ ^^raation. But science does play a part 
|;^\®^^^^^bhdunent of standards^ particu- 
doling with performmee of 


products. As an illustration, let us consider 
liquid household insecticides, which consist 
of a highly refined kerosene in which certain 
insecticidal substances are dissolved and 
which are sold under innumerable trade 
names. 

Not so many years ago the buyer of *^bug 
juice” had no assurance that Better Bug 
Bane, to coin a name, consisted of anything 
more potent than perfumed kerosene. He 
bought whatever the druggist had for sale 
and hoped for the best. The National Asso- 
ciation of Insecticide and Disinfectant Manu- 
facturers felt uneasy about this situation and 
set up an Insecticide Scientific Committee to 
establish standards for reputable manufac- 
turers. Because chemical testing methods 
were not adequate for evaluating perform- 
ance, biological tests or assays had to be made 
against insects. As a result of about ten 
years of cooperative research on rearing of 
test insects, test methods, and statistical 
analysis of results, the naidm has adopted 
a standard of performance for liquid house- 
hold insecticides against house flies. 

Every testing laboratory now uses the 
“Official Test Insecticide” supplied by the 
NAIDM as a standard with which to com- 
pare the performance of the insecticide to 
be evaluated. In a prescribed manner and 
under controlled conditions the Official Test 
Insecticide is sprayed into a large cubical 
chamber containing vigorous house flies that 
are neither too young nor too old. After a 
ten minute interval, the operator opens the 
chamber and enters it to pick up and count 
the flies on the floor, which are dead or para- 
lyzed. Then the whole procedure is repeated 
on another group of flies, spraying the insec- 
ticide to be evaluated. Repeated tests are 
made of both the standard insecticide and 
the unknown. Next day the dead flies are 
counted and the mean mortality caused by 
the standard and unknown is determined. 
The NAn)M decided that a salable insecti- 
cide should kill on the average as many flies 
as the standard. Such an insecticide could 
be labeled Grade B. TI the insecticide was 
potent enough to kill more flies than the 
standard, it might be labeled Grade A or 
Grade AA depending on the difiperence in 
kill between the standard and unknown. 
The rmdt of the general adoption of this 
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standard of performance has been to raise 
and to level out the quality of most brands 
of liquid household insecticides. Now if 
John Doe finds “Grade AA’’ on a bottle 
(formerly a can) of Better Bug Bane, he can 
be reasonably sure that he is getting some- 
thing for his money. 

The story does not end here. The buyer 
of Better Bug Bane may have bought the 
product to kill cockroaches or bedbugs in- 
stead of house flies. The label says it is good 
for both; but is it? Will a test on house 
fides give the answer for other insects? Five 
years of research sponsored by the naidm 
went into a study of this question. The 
answer is “ no. ' ’ One insecticide may be best 
for roaches, another for bedbugs, and still 
another for house flies. Methods for making 
comparative tests against roaches and bed- 
bugs were developed and recommendations 
were made, which may be put into eflEect 
after the war. Thus standardization may 
induce research and be benefited by it. 

F.L.C. 

NATURAL RUBBER PROJECTS 

With the invasion of the Dutch Bast In- 
dies by the Japanese, the Forest Service of 
the U. S. Department of Agriculture, largely 
in cooperation with the Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, 
promptly undertook further search and ex- 
periments for natural sources of rubber other 
than the Hevea tree. Less than six months 
after the attack on Pearl Harbor nurseries 
were established in California for planting 
21,000 pounds of guayule seed, which was aU 
then available. During the first year 23,470 
acres were planted to guayule in California 
and 831 acres were planted in the other 
southwestern States. Seven nurseries lo- 
cated in California, Arizona, New Mexico, 
and Texas, and having a combined area of 
3,439 acres will be able to supply the plant- 
ing requirements of the Rubber Director for 
the fiscal year July 1, 1943-J'une 30, 1944. 

Surveys of available wild guayule in Mex- 
ico and Texas have been completed and har- 
vesting operations of the wild shrub are 
under way. In addition, suiweys are being 
made to determine the areas in California, 
Arizona, New Mexico, Texas, and Mexico 
that have suitable climatic, soil, and moisture 


conditions for growing gua 3 nile successfully. 
The information provided by these surveys 
is available to all desiring to make experi- 
mental plantings. Technical assistance and 
nursery stock have been given to several 
South American countries, seeds for experi- 
mental purposes have been supplied to a 
number of foreign countries, and the 
Bureaus have carried out cooperative experi- 
mental plantings in Mexico. 

From native, cultivated guayule shrubs 
grown in California in 1942 a total of 440 
tons of guayule rubber of high quality was 
extracted. This quantity is enough for 
many experiments on properties of the rub- 
ber obtained, but neither the planting nor 
the processes of extracting the rubber have 
yet been on a sufficiently large and varied 
scale to justify a conjecture regarding 
guayule as a competitor of the Hevea tree 
or the recent synthetic processes discussed in 
the January issue of The Scientific Monthly, 

It has long been known that the ordinary 
goldenrod is a source of a natural rubber (of 
course, different plants produce different 
rubbers) that might possibly be of commer- 
cial interest. Accordingly, the bureaus in- 
terested in natural rubbers organized an 
experimental goldenrod program of 650 
acres near Waynesboro and Savannah, 
Georgia. Contracts covering land prepara- 
tion and crop cultivation were entered into 
with owners of the better types of cotton 
land. The investigations under way include 
also the adaptation of standard equipment 
in planting, harvesting, and drying the 
leaves of goldenrod. 

Another possible source of natural rubber 
is the Russian dandelion (kok-saglyz) . It 
was found in the preliminary experiments 
carried out in 1942 that the roots of this 
plant yield about five percent rubber. These 
results stimulated the planting of 700 acres 
last year in thirty-five test fields distributed 
from Oregon to Vermont. 

A part of both the goldenrod and the Rus- 
sian dandelion crop raised last year was har- 
vested at the proper stage for rubber pro- 
duction in order to extract a few tons from 
each for experimental purposes. The mag- 
nitude of the problem of securing natural 
rubber from plants that can be grown in the 
United States, and the vigor with which this 
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problem is being attacked, are indicated by 
the fact that the Forest Service expended on 
its Emergency Eubber Projects in the fiscal 
year ended June 30, 1943, a total of $20,752,- 
801. — Digest of part of the report of the 
Chief of the Forest Service^ Lyle F. Watts, 
for 1943. 

EXPLORER OF CELESTIAL SPACES 

Yale Univeesitt was fortunate in having 
on her staff for more than twenty years two 
of the most distinguished astronomers of our 
time, Ernest Brown and Frank Schlesinger. 
Both were devotees of austere and exacting 
branches of their science ; both enriched them 
with important new methods and devices; 
both rose to unquestioned primacy among 
living workers in their fields. The recent 
death of the second prompts this account of 
the work which has given him a lasting place 
in the annals of his science. 

His special field, the astronomy of position, 
is as much an art as a science. Its main 
problems — ^where the heavenly bodies appear 
to be, where they are, and how they are mov- 
ing — ^may be solved in principle by simple 
geometrical means. Its methods have gradu- 
ally been perfected until they are accurate 
to one part in a million or better; but the 
quest for such precision unveils many un- 
suspected errors. To distinguish between 
those arising from the inevitable, but acci- 
dental, imperfections of observations and 
those which can be got rid of only by improv- 
ing the conditions of observation requires 
skin in applied mathematics and statistics; 
to find the causes of the latter demands a 
thorough study of every detail of the appa- 
ratus, including the psychology of the ob- 
server ; to devise ways of avoiding or correct- 
ing them needs also inventive skill; and to 
organize a program of research so that results 
of the highest precision can be obtained effi- 
ciently and at a minimum cost of labor and 
money is a matter of engineering and eco- 
nomic management. In all four of these 
capacities Schlesinger was a master. 

His opportunity came in 1903, when the 
Cam^ie Institution sent him to the Yerkes 
Observatory for photographic observations 
of stellar parallax — ^in plain English, to mea- 
sure the distances of the stars. The primary 
here is to measure the position in the 


heavens of the selected parallax star, with 
reference to fainter reference stars in the 
background, and with all possible precision. 
Visual observations with the heliometer were 
more precise than by any other method then 
known, but they were extremely laborious. 
About the year 1900 it became evident thrt 
still more precise observations could be made 
by photography. 

The gelatine film of an ordinary plate 
sticks to the glass with amazing tenacity, so 
that measures of good star images are reliable 
to 1/10,000 of an inch or better. To reap 
the benefit of this accuracy, many precau- 
tions are necessary in the taking, in the mea- 
surement, and in the reduction calculations. 
Schlesinger ’s methods set the standards 
which have been, and still are, employed in 
thousands of parallax determinations at 
many observatories during the past thirty- 
five years. No substantial improvements 
upon them have yet been devised. 

Some of these methods were of his own 
invention. For example, if the plate is ex- 
posed long enough to get good images of the 
faint reference stars, that of a bright star 
will be too over-exposed and fuzzy to mea- 
sure. Schlesinger cured this by mounting 
above the plate a small metal disk with an 
adjustable open sector, which was spun rap- 
idly. This cut off the light of the bright star 
except for a series of short flashes. This 
series of snap-shots produced a star image 
which, with proper adjustment of the sector, 
was as small and sharp as the images of the 
other stars, and proved to be as accurately 
measurable. This simple device has enabled 
the observation of thousands of naked-eye 
stars, even the brightest. 

The measures on the plates have to be re- 
duced to a common standard. This was 
formerly done by calculating a correction 
formula for each plate, and then applying 
it to the parallax star. Schlesinger showed 
by simple algebra that the desired result 
could be obtained directly by taking the dif- 
ferences between the measured position of 
each reference star on the plate from the 
standard and averaging them in a particular 
way with the aid of factors called “depen- 
dences.^^ With fifteen or twenty plates to 
work up, this saved a great deal of time. 

In 1906 Schlesinger was called to the direc- 
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torship of the Allegheny Observatory, and 
took an active part in its reorganization. 
Generous aid was provided by the people of 
Pittsburgh and the vicinity, the Observatory 
was moved to a new and favorable site, and 
a great telescope was installed. At such a 
time, it was even truer than usual that the 
primary need of an observatory is a first- 
class director. Schlesinger’s peculiar gifts 
came into full play — ^his foresight and sound 
judgment in choosing fields of work, and his 
grasp of their essential requirements both in 
instruments and methods. The great refrac- 
tor was designed exclusively for photo- 
graphic work, and is still the most powerful 
existing instrument for its purpose. With 
this he began an extensive program of obser- 
vations for stellar parallax, which is still 
being continued at the Observatory. It was 
found that the city smoke, though dimming 
the brightness of the stars, had no ill effect 
upon the sharpness of their images, and the 
long series of Allegheny parallaxes, now 
more than 1500 in number, are of very high 
accuracy. 

One feature of this program illustrates his 
scientific conscientiousness. The minute and 
unavoidable errors in even the best observa- 
tions once in a while make a calculated paral- 
lax, which would be small anyhow, come out 
negative. This is an absurd result. Parallax 
observers are human, and the temptation is 
very strong to take a new set of observations 
on the star in the hope of getting a more 
reasonable result To throw away the old 
value and substitute the new would be scien- 
tifically immoral, but Schlesinger realized 
that even to take the average of the old and 
new results is not really playing fair. It 
amounts to correcting those cases in which 
the errors of observation make the result 
come out too small and ignoring the equally 
numerous eases when they make it come out 
too great ; and this vitiates the general aver- 
age. Therefore Schlesinger left warts and 
all’’ in his list and kept on observing more 
stars. 

Much excellent spectroscopic work was 
also done at Allegheny by Schlesinger and 
his associates, and the orbits of many spectro- 
scopic double stars were determined. The 
formulae which he developed for the precise 
calculation of these orbits are still in general 


use. Special mention should be made of his 
work on the eclipsing binary u Herculis — 
one of the very first instances in which the 
actual sizes, masses, and densities of a pair 
of stars were deduced exclusively from ob- 
servation. He was the first to point out (in 
1909) that when the brighter star of such a 
pair is goiag into eclipse the unobscured 
portion of its disk will, on the average, be 
moving away from us, owing to its rotation ; 
and contrariwise when it is coming out, an 
effect that has proved to be of considerable 
importance. 

Turning to less technical matters one may 
recall the smile with which he used to tell 
how an unexciting paper, ^^The Orbit of 25 
Serpentis,” came from the printer with the 
title “The Orbit of Twenty-five Serpents” — 
the most sensational astronomical headline 
on record 1 

In 1920 Schlesinger was called to Yale, 
where he remained as Director of the Obser- 
vatory for twenty-one years. He found a 
long-established astrometric tradition, which 
he continued and expanded in two directions. 
A photographic refractor of 26 inches aper- 
ture was installed at Johannesburg, South 
Africa. With this instrument the parallaxes 
of more than 1600 southern stars have been 
observed, under the direction of Dr. Alden. 
This major contribution to knowledge has 
had interesting by-products, including sev- 
eral cases where a star has been found to be 
in orbital motion about the center of gravity 
of itself and an invisible companion. 

Schlesinger ’s last contribution in this field 
— and one of the most valuable to astrono- 
mers — ^is found in his general catalogues of 
stellar parallaxes, in which the results of all 
observers are coUected, critically examined, 
corrected for their minute outstanding 
errors, and combined into mean values. The 
preparation of such a work demands the 
highest degree of knowledge of the subject, 
and impartial critical judgment. Subse- 
quent studies have not only confirmed his 
conclusion that his catalogued values are, on 
the average, systematically correct within a 
thousandth of a second of are, but have 
shown that the probable errors assigned to 
their individual values substantially repre- 
sent their real accuracy — ^an achievement 
almost without precedent. A star having a 
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parallax of a thousandth of a second of arc 
is at a distance of about 200,000,000 times 
the distance from the earth to the sun. 

Schlesinger's second main activity at Tale 
was the planning and preparation of the 
great photographic catalogues of star posi- 
tions. Accurate determinations of the ap- 
parent places of stars in the heavens could 
formerly be made only by visual observations 
with the meridian circle. But such observa- 
tions are laborious and costly, and it is much 
more economical, as well as more accurate, 
to determine a smaller number of reference 
stars in this way, and then use photographs 
to fill in the others between them. Here 
plates covering a large area in the sky have 
a great advantage. About the same number 
of stars are required per plate as reference 
points whether this is large or small ; hence 
the total number of such points needed to 
cover a given large zone of the heavens varies 
inversely as the area of the plates. 

This raised a set of new problems, for 
example, to design lenses for wide-angle 
cameras so that accurately measurable star- 
images could be secured all over the plate; 
to extend the methods of reduction so as to 
take account of many terms which were 
negligible on small plates and important in 
large ones ; and to devise economical methods 
for handling the enormous amount of mea- 
surement and calculation involved. 

Special measuring engines were designed 
to handle the larger plates with precision, 
and special and very ingenious methods of 
reduction were developed. 

With the ordinary measuring-engine, the 
observer looks into an eyepiece, and turns a 
micrometer screw to set a fine ^^wire^’ 
(spider-thread) on the magnified star-image. 
Then he draws his eye back, reads the mi- 
crometm* head, and writes down his result. 
This demands re-focusing the eyes three 
times for each measure, and the resulting 
eye-strain prevents any one from measuring 
imbitually for more than an hour or two per 
day. 

Schlesinger deigned a simple optical sys- 
tem attach^ to the eyepiece, such that an 


enlarged image of the star-image and wire 
were projected down on a white surface at 
the same distance from the observer’s eye 
as the micrometer head and the record-sheet. 
The number of hours of measurement per 
day could then be approximately doubled, 
with no increase of fatigue — and so the worst 
“bottle-neck” in the whole scheme was 
widened. 

The results were impressive. The nine 
volumes of Yale Zone Catalogues so far pub- 
lished contain accurate positions of more 
than 91,000 stars; while catalogues including 
55,000 more are in various stages of prepa- 
ration — ^an amazing output for a single ob- 
servatory of moderate resources. The pre- 
cision of these observations considerably 
surpasses that of the older catalogues ob- 
served by other methods, and the hours of 
observing and computing-time were very 
much less. 

The economic efficiency, as well as the 
accuracy, of the Yale Catalogues gave him 
justifiable satisfaction; yet he generously 
insisted that the Lick Observatory, at which 
the meridian observations had been made to 
determine accurate and up-to-date positions 
of the reference stars for the first catalogue, 
had made fully as great a contribution to it 
as Yale had. 

The large plates used for the later series 
cover so great an area of the sky that enough 
reference stars may be found among those 
which have already been accurately observed 
so that this special collaboration is no longer 
necessary. 

Nineteenth-century observations of refer- 
ence stars could not be used for determining 
the positions of other stars, not because the 
earlier observations were inaccurate, but be- 
cause the stars themselves had moved in the 
interval. The Yale Proper Motions, by com- 
parison with the older observations, give ac- 
curate values for the motion of many thou- 
sands of stars. Only a very small part of 
the store of information contained in them 
has yet, in these troublous times, been evalu- 
ated. The rest will be Schlesinger’s monu- 
ment. 



BOOK REVIEWS 


THE OLD WORLD ROBIN* 

The old saying ‘‘good things come in small 
packages’’ applies very well to this unpre- 
possessing little book. Students of bird be- 
havior who have been looking forward to the 
appearance of David Lack’s study of the 
robin may be disappointed with their first 
impression of it, but they will soon become 
convinced that any meagerness it may have is 
in its format and binding and not in its con- 
tent. In a sense, this work, based on a num- 
ber of consecutive years of intensive observa- 
tion of one of the commonest and most 
popular of European birds, is a European 
counterpart of Mrs. Nice’s study of the song 
sparrow in this country. Both are very rich 
in detail, in the sort of factual minutiae that 
are not elsewhere available; both are char- 
acterized by an underlying pattern that 
serves to give coherence and significance to 
what would otherwise be merely a mass of 
unrelated, or at least, uncoordinated items 
of information. Lack’s book is, in addition, 
much better reading from the literary view- 
point. 

To a large extent, Lack’s observational data 
are based on marked, individualized birds, 
and have therefore a definiteness and pre- 
cision all too rare in field biology. This, to- 
gether with the author’s inclination to see 
the problems in the material at all times and 
to extend his thinking from the limits of his 
notes on a single species to wider horizons, 
makes the book stimulating and provocative 
as well as informative. In his first chapter, 
Lack outlines his methods of trapping and of 
individual marking of birds, and describes 
the aviaries in which he kept some indi- 
viduals for special observations. Then he 
proceeds to discuss, with illuminating effect, 
innumerable topics centering around the 
main ones of song, fighting, pairing, court- 
ship, reproduction, territory, migration, food, 
plumage pattern, age, recognition, and tame- 
ness. To take, for example, the first of these 
larger subjects — ^that of song; we are given 
some detailed data and stimulatiug queri^ 

* The Life of the BoMn. David Lack. 6 illtistra- 
200 pp. May, 1043. 7/6d net. H. R. & G. 
Witkerby. 


on the song period, the individual variation 
of song, the audible versus the inaudible parts 
of song, song in relation to territory, female 
song, song as a preventer of fights, “battle 
music,” singing for mates, singing when 
alarmed, mimicry, the significance of song in 
late summer, and the question, “is song in- 
herited or acquired?” 

A final chapter, “A Digression Upon In- 
stinct,” makes a worthwhile philosophic, 
retrospective summation of the type of prob- 
lems dealt with in the earlier chapters. All 
through the work one is impressed not only 
with the author’s intimate acquaintance with 
the robin, but also with a wide range of lit- 
erature immediately bearing on his subject. 
Literary sources also provide a cultural set- 
ting for the reflections of an educated man 
upon one of his hxunbler, but much cared for, 
fellow mortals. 

The reader of this review may be cau- 
tioned that the robin is not our American 
thrush, Tnrdus migratorms, but the quite dif- 
ferent, much smaller, Old World bird tech- 
nically designated Erithaous rubecula. Bib- 
liographical references are listed by chapters 
at the back of the book, and there are two 
indices, one to species of birds, and one to 
persons mentioned in the text. 

Herb ert Friedmann 

CANCER RESEARCH REVIEWED* 

The Biochemistry of Malignant Tumors is 
a sincere and painstaking attempt to review 
and to integrate the findings of research in 
the problems of cancer. The literature for 
the past twenty-five years is well covered 
through 1941; 5,000 references are quoted 
within 950 pages. The title of the book is 
somewhat a misnomer, for it is actually an 
annotated bibliography of many phases of 
cancer research, including fields which can 
be placed under biochemistry only by very 
broad definition. A more critical evaluation 
of many subjects and apparently contradic- 
tory individual findings is curtailed by the 
attempt to make the volume too inclusive, 

* The Biochemistry of Malignmt Tumors. Kurt 
Stem and Robert WUIbem. 951 pp. 1943- $12.00, 
Reference Press. 
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as well as by the authors^ acknowledged lack 
of first-hand experience in many of the fields. 
These and many other criticisms that can be 
made of the book are recognized in the 
authors^ disarming preface. Most of the ten 
chapters terminate with brief, conservative 
summaries in which no attempts are made 
to introduce or to advocate any cancer the- 
ory. 

The book will be useful and stimulating to 
the worker actively engaged in experimental 
oncology in that it refers to original sources 
in a multitude of subjects and furnishes gen- 
eral conclusions reached by the authors of 
the original papers. For the casual reader, 
however, greater critical evaluation is desir- 
able; for the expert, the material is presented 
too incompletely to be used without reference 
to the original reports. Symposia by experts 
in individual fields would be more informa- 
tive for the general scientist, and a complete, 
up-to-date Index Oncologicus is a real need 
of the workers in cancer research. 

It is of interest to indicate some of the gen- 
eral conclusions reached by the authors after 
the examination of almost 5,000 papers and 
books written by over 3,000 individuals. One 
is immediately struck by the lack of defini- 
tive generalizations. The reader cannot but 
wonder at the contradictions and the appar- 
ent paucity of conclusions from the large 
amount of work already performed. In the 
reviewer ^s opinion, the great differences in 
etiologic factors and in the biology of differ- 
ent tumors is so striking that cancer, as 
Ewing and others have stated, must be con- 
sidered as a great group of diseases rather 
than as one entity. Our knowledge about a 
sufiScient number of separate neoplastic dis- 
eases has not reached the stage of analysis 
prerequisite for a coherent synthesis of the 
information about neoplasia in general. 
Viewed from this standpoint it is unavoid- 
able that, in any compilation of the informa- 
tion available at present, the real advances in 
specific lines of investigation and on specific 
neoplastic diseases be obscured by attempts 
to formulate conclusions concerning cancer 
in general. 

Tim Biochemistry of Malignant Tumors is 
the only book of its type available in the 
English language; it will prove of definite 
althot^h limited value as an annotated bibli- 


ography. Typographical errors are frequent 
and, considering the price of the book, the 
format is poor. It is hoped that this work 
will be a stimulus for further and improved 
additions to the literature of experimental 
oncology — a need felt by many of the work- 
ers in the field. 

Michael B. Shimkin 

FIRST AID THAT AIDS*** 

There is now available a modern text on 
first aid which is truly comprehensive and 
splendidly maintains that rarely achieved 
balance of being neither too technical nor too 
elementary. This is an advanced guide and 
goes well beyond the majority of previous 
works on the subject, many of which have 
had to sacrifice accuracy to remain ele- 
mentary. The style is lucid, brief, and pre- 
cise without being dogmatic. The editors 
have presupposed intelligence and attention 
on the part of the reader, which is a refresh- 
ing attitude in first aid texts. 

The book is comprehensive, including all 
that needs to be known for the wise applica- 
tion of first aid as an emergency measure. 
Included is a brief consideration of the gen- 
eral principles of first aid, a short discussion 
of normal human anatomy with emphasis on 
the functional aspects of structure, the prin- 
ciples of bandaging, the management of va- 
rious forms of wounds, control of shock and 
of hemorrhage, the immediate care of burns 
and frostbite, the problem of transportation 
of injured persons, discussion of fractures, 
aid in respiratory emergencies and visceral 
injuries, head and central nervous system 
injuries, medical emergencies, and specific 
consideration of the field problems of gas and 
bomb air raids. The editors have called upon 
seventeen of their associates in the various 
medical specialties at the University of Illi- 
nois College of Medicine for chapters dealing 
with problems within their special fields. 
Thus, the work is unusually authoritative as 
weU as being more comprehensive in scope 
than any other previous text in this field seen 
by the reviewer. 

According to the preface, the editors pre- 
pared the text primarily for the instruction 
of medical students. It is also an invaluable 

* Mrst Aid: Surgiccd and Medical. Warren H. 
Oole and Charles B, Puestow. lUnstrated. ssiv + 351 
pp, 1942. $3.00. D. Appleton-Century Company. 
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source of practical information for physi- 
cians, many of whom are decidedly rusty on 
questions of first aid. Admittedly, quite a 
few of the procedures suggested are defi- 
nitely beyond the scope of non-medical first 
aid enthusiasts. Far better temporary neg- 
lect than over-zealous ill-advised therapy! 
However, the authors recognize this hazard 
and repeatedy stress the importance of exact 
knowledge before attempting to do anything 
at all. It is their contention that the cure 
for ‘‘a little knowledge is a dangerous 
thing” lies not in maintaining a state of ig- 
norance but in extending education. In this 
concept we heartily concur. The more in- 
formed an individual is, the more fully aware 
he is of his limitations. The book, therefore, 
should not be limited in its usefulness as a 
textbook for medical students or a refresher 
volume for physicians ; it can, and should, be 
extensively employed as a text in college 
courses where first aid, elementary anatomy 
and physiology should be subjects required 
of aU students. The ignorance of presum- 
ably educated” persons regarding the 
structures and functions of their own bodies 
is appalling. This ignorance makes the task 
of physicians in maintaining health much 
more difiBcult than need be. 

Splendid and liberal illustrations not only 
clarify the text so that no confusion of intent 
is possible, but definitely add much valuable 
information. In time of peace, the tremen- 
dous incidence of accidents makes the knowl- 
edge of first aid valuable to all ; in time of 
modern war, with the threat of civilian bom- 
bardment always present, training in first 
aid becomes a civic obligation. 

Edward J. Stieglitz 

MEDICAL SCIENCE* 

This book represents the product of an 
ambitious undertaking, namely, a survey of 
the history of medicine, the etiology, patho- 
genesis, pathology, diagnosis, and treatment 
of disease, and a consideration of the field of 
public health, with all its ramifications. It 
is designed primarily for the student nurse, 
but suggested by the authors as of value to 
the graduate nurse, laboratory technician, 
social worker, and others in similar fields. 

* Introduction to Medical Science, GuM Lindli 
Muller and Dorothy E. Dawes. Illustrated. 454 pp. 
1943. $3.00. W. B. Saunders Company, 


In many respects, the book succeeds ad- 
mirably in its purpose. In general, the chap- 
ters on diagnosis of disease are excellent, 
being comprehensive and clear, as is the dis- 
cussion of therapy. The section on control 
and prevention of disease includes sum- 
maries of the federal and state health pro- 
grams, measures for the control of food and 
water, industrial hazards, and other impor- 
tant public health problems. However, the 
subjects of bacteriology and immunology are 
given insufBcient attention in this text. All 
infectious diseases are grouped under a brief 
consideration of “endogenous toxins” in the 
chapter on causation of disease. Here, noth- 
ing is said about predisposing factors, routes 
of infection, or the interaction between the 
same organism and host depending on the 
site of entry of the former. In the same 
chapter, allergy is very cursorily treated, 
and a misleading statement is made in the 
description of anaphylactic shock, as a “phe- 
nomenon related to hypersensitivity, except 
that it manifests itself as a spasmodic con- 
traction of smooth muscle.” 

Bacteriological diagnosis is incompletely 
described, and the differences in procedure 
depending upon the type of organism, stage 
of the disease, presence of secondary in- 
vaders or normal flora, and other factors, are 
largely ignored. An example of this is the 
statement on page 221, “the typhoid-dysen- 
tery group of organisms is isolated by cul- 
ture on Endows medium, and then identified 
by macroscopical agglutination in immune 
sera, ” which is certainly an over-simplifica- 
tion of a complex method. Similarly, the 
discussion of therapy by immune sera is in- 
adequate. The subject is not put on a rea- 
sonable basis. Further, little is said about 
dosage, time or route of administration of 
immune serum as affecting the success of its 
action. The same criticism may be made of 
the discussion of serological procedures as an 
aid in diagnosis ; the Wassermann test is out- 
lined as if the reaction were specific, as is the 
heterophile agglutination test for infectious 
mononucleosis. There is no good outline of 
the fundamental bases of antigen-antibody 
reactions as a preliminary to presentation 
of their applications. It might be argued * 
that it is not the purpose of this book to dis- 
cuss applications of bacteriology and im- 
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munology in detail. It is apparent, however, 
that chemical and other types of tests are de- 
scribed much more adequately. For ex- 
ample, the colloidal gold test receives a page 
and a half of explanation, including a chart 
and color plate. 

The book is an undoubted contribution to 
nursing texts. It would be greatly improved 
by revision of the sections dealing with bac- 
teriology and immunology to give a more 
fundamental approach to these subjects. A 
glossary or explanation of technical terms 
would be of considerable value. 

The illustrations for the most part are ex- 
cellent. The book is well bound and printed. 

Malcolm H. Soule 

GENES AND THE MAN* 

Taking as his thesis the concept that man 
is intelligible only as we perceive what has 
made him as he is, and that thus genes and 
chromosomes are important to us only be- 
cause of the effects they produce during the 
course of growth and development, the au- 
thor of this stimulating volume proceeds to 
trace the sweep of an individual’s develop- 
ment and progress from their beginnings in 
the protoplasm and genes through maturity 
to decline and death. The welding together 
into a single connected story of the events of 
genetics, embryology, and physiology is a 
laudable though difficult undertaking, but 
Doctor Glass has made a noteworthy success 
of it. The book is critical and thorough, and 
its underlying philosophy may be illustrated 
by a statement made by the author in connec- 
tion with the study of mitosis: ‘‘We should 
be on our guard lest we take a very superfi- 
cial knowledge for real understanding.^’ 

The book starts with a readable and under- 
standable account of cells and eeU division. 
Then follows a concentrated chapter on meio- 

* Cenes cmd the Man. Bentley Glass. Ulnstrated. 
SS6 pp. 194S. $3.50. Teachers CJoUege, Colnmbia 
Unwesrsity. 


sis, mutation, and the basic facts of genetics. 
The biology and physiology of sex determi- 
nation are considered in a broad and thor- 
ough account. The fourth chapter considers 
the question of how genes act: the modern 
concepts of growth and development. Much 
recent research is cited here and woven into 
a well-connected story, 

A long yet highly condensed chapter 
traces the embryological development of 
man. Should the book be used as a text, this 
chapter especially will require much “teach- 
ing.” It is an excellent over-view of embry- 
ology without, however, much genetics. This 
is not the fault of the author, of course, and 
a commendable attempt is made to tie in 
genetics wherever such knowledge is avail- 
able. 

The last chapter is on growing old. Ex- 
ternal and internal factors are considered 
and, as throughout the book, the relative im- 
portances and interactions of heredity and 
environment are carefully assessed. 

A few specific points may be mentioned. 
The book is beautifully illustrated, and on 
the whole remarkably free from typographi- 
cal errors, although some do occur. An occa- 
sional doubtful statement is met with. On 
page 158 the author says “. . . more human 
genes have been detected in the X than in all 
the rest of the chromosomes combined,” a 
pronouncement with which few students of 
human heredity would agree. Grey eyes are 
considered the heterozygote between brown 
and blue. In discussing the normal distribu- 
tion curve resulting in the P 2 generation 
from multiple blending factors, the author 
fails to point out that a similar result would 
occur if the factors showed dominance. 

The book is a highly successful attempt to 
bring together into an understandable mosaic 
the too often separated fields of genetics, em- 
bryology, physiology, and medicine. The 
author is to be congratulated. 

Laurence H. Snyder 




COMMENTS AND CRITICISMS 


War of Words 

The new Sdentifio Monthly deserves approval for 
both the practical and the metaphysical in its con- 
tent. For example, population problems (Sax) pre- 
vent wishful thinking, while mathematical problems 
(Birkhoff) promote basic thinking. Both approaches 
seem essential to the solution of imminent human 
problems. As to population, parthenogenetic preg- 
nancy and hormones in reproductive controls are 
already suggested by the results of mammalian re- 
search as possible in a ^‘new world order.’’ But in 
any new order ‘‘we need more of the scientific 
method,” says Professor Sax, “particularly in the 
field of social relations and human conduct,” as 
against “abandoning rational thought and reverting 
to mysticism” in our currently chaotic social evolu- 
tion. To this end we shall have to resort to meta- 
physics to overcome the serious lack of synthesis in 
scientific thought. Technique is not enough. 

At present our publications are too much framed 
by the professional interest of the specialist who 
jealously guards his “discipline,” however trivial. 
There has thus developed what Peter Carmichael has 
well called, in his criticism of Irving Langmuir’s 
social philosophy, a “cavalier attitude” toward the 
controversial metaphysical problems of epistemology 
by which a scientific synthesis is possible. Science 
has, indeed, acquired dire and divers delusions of 
grandeur because of which, in the words of Isaiah 
Bowman, “the critical spirit is having a hard time.” 
Mathematical theory is so buried in the clouds of the 
infinite and infinitesimal as to let the so-called 

social sciences” erect a Tower of Babel, upon what 
Thorstein Veblen has satirically called the “hedonis- 
tic calculus,” and get away with this confusion of 
tongues by calling it “scientific.” 

It is here, in the heart of the most acute meta- 
physical controversy, that science should fearlessly 
face the problems of polities and religion in seeking 
truth, not wholly for its own sake, but as that which 
shall make men free in their social relations. Yet 
there is no scientific discipline professionally devoted 
to such an inclusive synthesis as seems essential if 
scientists are to escape the just criticism heaped upon 
them for their grand isolation from social problems. 
Some publication, where wishful thinking can be 
overcome in controversy over elemental issues, will 
have to arise and shine with a beam which will guide 
us to safe landing in the port of some common de- 
nominator. The Sdentifio Monthly has recently by 
no means avoided such subject matter and it is to be 
hoped it will open its pages to every possible dispu- 
tation over the general perspective and orientation 
of science in its social setting. 


In such developments the editors can hardly hope 
to confine the “experimental section” of the 
Monthly to a few pages of editorial review of 
“Science on the March.” Science is essentially an 
unfinished business j and a periodical that is read by 
a professionally diverse clientele is surely such as can 
best promote progress in synthesis. We would pros- 
titute science to publish a mere heterogeneous com- 
pendium of technological information. We cannot 
keep out of the foxholes of intellectual (moral) dis- 
putation if we hope to help in keeping out of the 
foxholes of war which science has so fearfully im- 
plemented. — ^Alden A. Potter. 

Inflation 

I have just read the January issue of The Scien- 
tific Monthly and when a fellow has done a good job, 
I want to tell him about it. You and your staff have 
turned out the best issue that I can recall. I find 
every article of interest — ^which is more than I can 
say of some. Congratulations! — Otto Watts. 

Deflation 

Incidentally, I would not have you think that I 
consider The Scientific Monthly an attractively pro- 
duced journal from the point of view of format. On 
the other hand, I consider it one of the poorest. 
What I wanted to say is that its present format is 
an improvement upon the old. If I may say so I 
think that one of your principal defects is the paper 
you use. Now, it would seem to me, would be a 
good time to change to a more attractive ^'war- 
time” paper. But don’t let me get involved in 
re-arranging the format of another joumah I only 
have one life-time, and I’ve misspent too much of 
that already. — ^M. F. Ashley Montagu. 

Headline and E:splanation 

I am indeed pleased with the reference to Johns 
Hopkins University in the January issue of The 
Scientific Monthly. I also find other things of 
special interest in it. What I do not like is the 
type used in the title of the magazine. But no doubt 
you are experimenting with that. — ^Isaiah Bowman. 

Many thanks for your letter of January 5 and the 
kind remarks you made regarding the contents of 
The Scientific Monthly. 

You are the first member of the Association who 
has objected to the type used on the cover of the 
Monthly. Since the two words Scientific and 
Monthly appear to be of equal importance and both 
of them are rather long, we must either put one 
above the other or use such type that they can both 
be on the same line. In advertising I think it is 
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Tmiversally agreed that to have one word above an- 
other when they axe of equal rank is a bad arrange- 
ment. If we put the two words on a line and have 
type of substantial size, it becomes necessary to use 
something like the Bodoni which was selected. How- 
ever much that may fall short of our ideals, I thi n k 
you will agree that the Table of Contents is now 
legible without so much trouble as readers had in the 
old form. — ^F. R. M. 

Propaganda? 

Let me question the propriety of giving space in 
The Soientifio Monthly for such matter as the article 
by Br. Alonzo E. Taylor of Stanford University dis- 
cussing the United Nations^ Conference on Food and 
Agriculture. Why was a beneficent conference of 
learned economists such as Br. Taylor portrays closed 
to the press? Why was the right of Senators and 
Representatives in Congress to be present at its ses- 
sions seriously called in question? 

That policy of its sponsors justifies the public in 
concluding that its real purposes were sinister and 
adverse to American interests. The conference was 
called by politicians and veiled in secrecy by them. 
Its agenda were prearranged by politieians and they 
hid its sessions from the public. 

Br. Taylor discloses no incentive for secrecy. But 
there obviously was such incentive. Otherwise the 
sesfflons would have been open. To picture as benefi- 
cent and scientific an international meeting whose 
sponsors were unwilling for the public to know what 
it was doing seems inconsistent. 

Please do not let The Sdentiflo Monthly be made 
the vehicle of secret political propaganda. To do 
so will not enhance public confidence in its utter- 
ances. — Gilbert 0. Nations. 

Sound and Fury 

Since your [A. J. Carlson ^s] election as president 
of the Association, I have read several of your re- 
cent articles, among them ypur investigation of 
science in liberal arts colleges as reported in the 
of the North Central Association of Col- 
lies and Secondary Schools. 

conditions that your investigation revealed are 
disquieting. One of your statements attracted my 
attrition: is easier to gather dollars for hridhs 

ihim to secmre penn^ for hraim.^* This statement 
of fact seems to require di^erent remedies than any 
yon proposed. Consequently I sketch one for your 
onuisideration, which has for its purpose very great 
ilBOprovement in teaching of all coll^ subjects at 
iiinpptociab financial cost. It sounds as though 
were a caibeh in % but you know I am not 

each college purchane sound 


recording apparatus and make records of three class 
sessions of each instructor without his knowledge or 
the knowledge of the. class. Simply let every in- 
structor know that recordings will be made sometime 
during the year. After the recordings are made, let 
the instructor hear his records and decide which of 
the three is most nearly typical of his work. Then 
have faculty parties from time to time at which the 
recordings are reproduced, all of them at least once 
during the year. I rest my reputation as prophet 
on the prediction that this innovation would very 
promptly result in a great improvement in teaching. 

I wish you would develop this subject into an 
article for The Scientific Monthly, Your active 
imagination will detect many advantages of the pro- 
posal. For example, if an instructor who reads the 
same lectures year after year should contract the flu, 
he could rest safely at home while the students could 
listen without loss to his echo. It suggests possi- 
bilities for vacations, etc., etc. I have passed the 
ball to you; please make a run with it. — ^F. R.M. 

I think you have something iu your suggestion. 
I don't know what the cost would be to each college 
for instruments and personnel capable of running a 
recording, but I am certain that this method of 
cheeking up on ourselves would improve the quality 
of teaching. I think, however, it should come not 
from deans and college presidents, but from the 
faculties as a whole. 

Let me give you an experience along this line 
which shows that even FRM's mind isn’t so original 
after all. Many years ago when a prominent disci- 
ple of Freud was on a visit to Chicago propagating 
the extreme psychoanalysis of 50-150 half-hour ses- 
sions with each psychotic patient, with the results 
and diagnosis, etc., not written up until the end, I 
raised the question with this doctor, as follows; 
'^How can you possibly remember all the questions 
you have asked and all the things you have told this 
patient during this long period of repeated inter- 
views? How will you know that what comes out of 
the patient’s mind at the later interviews was not 
put there by you in the early interviews? Until this 
point is settled psychoanalysis will not become a 
science. Why don’t you make a complete record of 
every interview and by studying these records, we 
will ultimately know something?” The good doctor 
shook his head in horror and said, * * Those interviews 
are private and sacred; I would not dream of expos- 
ing my patients in the way you suggest. ’ ’ 

I think some of our weak brethren in teaching will 
make similar objections to your suggestion, but I 
win think about it. I think it is worth thiuking 
about and may be developed. It win, of course, be 
a shock to many, — A. J* Carlson. 



JAMES McKEEN CATTELL 


James MgKeen Cattell was born at 
Easton, Pennsylvania, on May 25, 1860, and 
died at Lancaster, Pennsylvania, on January 
20, 1944, in bis eighty-fourth year. He 
began life under favorable conditions and 
reached maturity at the beginning of a tran- 
sition period in American science. With 
singleness of purpose and untiring industry 
he devoted his whole life to the advancement 
of science, not only in his own field but in 
every field. If a comprehensive biography 
of Cattell were written, it would be in con- 
siderable part the story of the organization 
of American science during his lifetime ; and 
if the history of American science and its 
organization during the past fifty years were 
written, it Tvould refer frequently to CattelPs 
influence upon the period. Such statements 
can be made so truly of very few American 
scientists. 

Cattell ’s father was the Reverend William 
C. Cattell, professor of classical languages in 
Lafayette College and president of the insti- 
tution from 1863 to 1883. Consequently 
Cattell grew up in an atmosphere of culture 
and intellectual integrity. After his grad- 
uation from Lafayette College, in 1880, he 
went to Europe where he remained for seven 
years, a large part of the time in the labora- 
tory of Wilhelm Wundt, in Leipzig, where he 
received his Ph.D. degree in 1886. It was 
fortunate for psychology in America that 
Cattell studied in Leipzig in this period when 
Wundt, then near the zenith of his powers, 
was making of psychology an experimental 
science. In 1887 he was appointed lecturer, 
and a year later professor, in psychology in 
the University of Pennsylvania, where he 
promptly established a laboratory and insti- 
tuted courses in experimental psychology. 

In 1891 Cattell accepted a call to Columbia 
University, where he organized a department 
of psychology and was executive head, also, 
of the work in anthropology and philosophy. 
Columbia promptly assumed leadership 
among American universities in these fields. 
Cattell was likewise in charge of psychology 
in Barnard College and was one of the first 
professors in Teachers College when it be- 
came a part of Columbia University. His 


academic career closed in 1917 when he was 
dismissed from Columbia University on the 
ostensible ground that he committed an act 
of treason by writing to members of Congress 
in support of legislation exempting from 
combatant service in Europe those who had 
conscientious scruples against engaging in 
war. Cattell brought legal action against 
Columbia for libel, but the suit was with- 
drawn upon the agreement by the University 
to pay him a substantial annuity. 

This difference between Cattell and Colum- 
bia University had, of course, an important 
influence on his life, but it is of interest here 
primarily because it throws a strong light on 
one of his characteristics. The difference 
arose because his conscience and judgment 
required him to take an unpopular position 
respecting forcing citizens of the United 
States to bear arms in foreign lands. In 
taking this stand he placed his principles 
above what appeared to be to his advantage 
and stood by them inflexibly. Without 
judging of the merits of the particular issue, 
one can only admire CattelUs unyielding 
defense of what he believed to be right. It 
has been charged, perhaps with some justice, 
that he enjoyed a fight, but his disagree- 
ments with other men were on questions of 
principle and policy, rather than on personal 
matters. Like all strong men, he had definite 
convictions and stood by them. Like all wise 
men, he listened to the opinions of others 
and based his conclusions on the evidence as 
he understood it. Like all socially mature 
men, he realized that human interests are 
often conflicting and that compromises are 
necessary. Like all other men, he doubtless 
at times made mistakes — ^let the man who has 
not done so cast the first stone. 

CatteU was a scientist, and as a scientist 
his influence was greatest and will live long- 
est, He carried out many researches, he 
inspired others to engage in scientific re- 
search, and as a scientific statesman he served 
science as a whole. Although these various 
activities grew out from the same roots, the 
blossoming and fruits were apparently so 
independent of one another that they may 
be considered separately. 
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Catteirs researches in psychology began 
within two years after he became a student 
of Wundt in Leipzig, in 1883. He published 
three important papers in 1885 which re- 
flected the influence of his environment, for 
in them he approached psychology as an 
experimental science, not one in which the 
mind turns on itself and pursues itself and 
its reflections through the obscure labyrinths 
of consciousness. The following year (1886) 
he published four papers, all on experimental 
determinations of the physiological aspects 
of human mental activities. His series of five 
papers on ^^The Time Taken up by Cerebral 
Operations’^ filled seventy-two pages of the 
journal PhilosopJiische Studien; they were 
printed in Mind, In 1887 he published but 
one research paper, for this was a year of 
travel and of his appointment to a position 
in the University of Pennsylvania. In 1888 
he went to England and lectured at Cam- 
bridge University at which he opened a 
psychological laboratory. This was the year 
he had the good fortune to marry Josephine 
Owen of London. In this year also he pub- 
lished a research paper in the German 
PJiilosophische Skidien, During this period 
he published fourteen principal papers. 

After Cattell went to Columbia, in 1895, 
he worked more and more through his asso- 
ciates and students. He published several 
papers jointly with others, he introduced his 
students to his methods and inspired them 
with his ideals. He said a few years ago that 
more than 150 members of the American 
Psychological Association received their 
Ph.D. degrees at Columbia University. 
Among those who remained at Columbia as 
professors and gave this institution leader- 
ship in the fields of the mental sciences are 
Edward L. Thorndike, R. S. Woodworth, H. 
L. Hollingworth, A. T. Poffenberger, and 
Arthur I. Gates. With such men carrying 
forward researches along many lines, Cattell 
turned more and more to writing briefer 
reports and digests of his previous work and 
the work of others, reviews of books, ad- 
dresses, and expository articles on psychol- 
ogy and science in general. Several of them 
were published in Science and Popular 
Science Monthly^ later The Scientific 
Monthly, We find in his bibliography such 
titles as “The Progress of Psychology” 


(1893), “The Rise of Psychological Teach- 
ing” (1895), “On the Distribution of Ex- 
ceptional Ability” (1895), “Science in 
America” (1896), “The Advance of Psy- 
chology” (1898), “The University Presi- 
dent” (1901), “Concerning the American 
University” (1902), “The Conceptions of 
Psychology” (1904), “Examinations, Grades 
and Credits” (1905), “The American Col- 
lege” (1907), “The School and the Family” 
(1909), “Doctorates Conferred by American 
Universities” (1911), “Science and Interna- 
tional Good Will” (1908), “A Program of 
Radical Democracy” (1912), “University 
Control” (1913), “Science, Education and 
Democracy” (1914), “Democracy in Uni- 
versity Administration” (1914), “Scientific 
Journals and the Public” (1915), “Science 
and National Welfare” (1915), “The Or- 
ganization of Scientific Men” (1922), “Con- 
flicting Moral Imperatives” (1924), “Scien- 
tific Research in the United States” (1926), 
“Psychology in America” (1929), “Educa- 
tion Under the National Government” 
(1931), and “A Scientific Approach to Emo- 
tional Problems” (1934). In addition to 
these articles he published two books, Uni- 
versity Control in 1913, and Carnegie Pen- 
sions in 1919. 

A number of the titles of papers and ad- 
dresses that have been quoted show that as 
the years passed Cattell became more and 
more interested in the effects of science upon 
society and in general methods of advancing 
it. Early in his scientific life he realized the 
importance of scientific journals. As early 
as 1895, he acquired the weekly journal 
Science^ established in 1883 by Alexander 
Graham Bell, which had run continued defi- 
cits and was about to discontinue publica- 
tion. In spite of initial financial losses, he 
improved its quality and in 1900 it was made 
the ofScial journal of the American Associa- 
tion for the Advancement of Science. He 
and Mrs. Cattell edited and maintained high 
standards for this journal for nearly fifty 
years. In that time they prepared the manu- 
scripts for publication, read the proofs, 
arranged the material for the printing of 
over 2500 issues of SciencCf containing about 
60,000 pages of type. Only those who have 
done editorial work conscientiously can 
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realize the immense and lifelong drudgery 
that Dr. and Mrs. Cattell endured in edit- 
ing Science. But this is only a part of the 
work of the kind that they did. In 1900 Dr. 
Cattell acquired The Popular Science 
Mo7ifliIy (since 1908 The Scientific Monthly) 
which he controlled until the spring of 1943 
when it was transferred to the American 
Association for the Advancement of Science. 
In 1906 he began publishing at about five- 
year intervals American Men of Science^ the 
seventh edition of which wdll contain bio- 
graphical sketches of about 34,000 scientists 
and is about to appear from the press. In 
1908 he assumed control of The American 
Naturalist, and in 1915 he established the 
weekly educational journal School and 
Society. 

Cattell was also prominent in scientific 
organizations, having been a member of the 
National Academy of Sciences, the American 
Academy of Arts and Sciences, the Amer- 
ican Philosophical Society, the American 
Association for the Advancement of Science, 
of which he was president in 1924, and sev- 
eral professional societies. His influence was 
important in every society in which he took 
an interest. For about forty years he was 
the dominant figure in the American Asso- 
ciation for the Advancement of Science, 
publishing its official journal, establishing 
its business procedures, guiding ’its policies, 
and nominating its principal administrative 


officers. Although many men contributed to 
the success of the Association during this 
period, Cattell was the only one who gave 
it continuous attention for more than forty 
years. In a very real sense he was a scien- 
tific statesman, seeing clearly the great new 
forces at work in the world, organizing and 
directing them wisely for the benefit of 
society, and supporting similar activities by 
other men. 

There was another side to Cattell besides 
that of conducting and stimulating research, 
founding, editing and publishing journals 
and playing important roles in organized 
science. Early in his career he established 
his home on an isolated mountain top over- 
looking the Hudson River. There his chil- 
dren grew up. There he looked up at the 
glories of the stars at night and down at the 
glories of the trees by day, particularly in 
spring and autumn. Below he saw the sun- 
shine and sometimes the fog on the river in 
the valley, and sometimes, in winter, he 
looked down bn a pure white world and 
thousands of his Christmas trees sparkling 
with jewels. That he should have established 
and maintained such a retreat shows a side 
of his nature known to but few, for he did 
not display emotions so sacredly personal. 
Who can say that he really understood 
Cattell and who can explain the origin of 
his great abilities and his tireless use of them 
for the advancement of science ? — R. M. 
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A PARABLE FOR PEACEMAKERS 

By ALEXANDER F. SKUTCH 


Here in tMs tropical valley live untold 
thousands of birds of several hundred dis- 
tinct kinds. They dwell together in a degree 
of peace and harmony that is surprising 
when one considers their number and diver- 
sity of habits. Srnce a large proportion 
remain paired throughout the year and oc- 
cupy continuously the little plot of ground 
in which they nest, disputes for the posses- 
sion of mates and nesting-ground are far less 
frequent and violent than among northern 
birds, which in general are migratory and 
each spring must find mates and claim their 
nesting territory anew. Here predatory 
members of the avian world are rare; and 
an almost Utopian good-fellowship prevails 
among the local birds. 

But there is one outstanding exception, 
one perpetual disturber of the harmony that 
prevails among two hundred kinds of birds. 
It is a small flycatcher, with dull brownish 
upper-plumage and a dingy yellow breast 
streaked with narrow dusky lines — alto- 
gether a bird neither beautiful nor distin- 
guished in aspect, and one that would attract 
the of none but the enthusiastic bird- 
watcher armed with his field glasses. Early 
in the sunny month of February, this plainly 
dad little flycatcher arrives in our valley, 
and at once prodaims his presence by a 
variety of thin-toned, breezy whistles that 
seem to be the spontaneous outpouring of a 
eardess, easy-going, vagabond nature. In 
these airy, carefree ntteranees, one searches 
in vain for some trace of the earnestness of 
his neighbor and rdative, the ydlow-breasted 
diq)sacheery flycatcher, the depth of f eding 
of the brown thrush, or the retiring modesty 
loi Ibe bine ^osheak They s&gm to be the 
expression of a nature at once 


light-hearted and shallow, bound by no ties. 
Only the persistency of his repetition of the 
long-drawn pee-e-e-e, and the high-pitched, 
rapid pee-de-de-de, might lead the per- 
spicacious student of avian nature to suspect 
that there lurked behind that voice a vein of 
stubborn pertinacity unexpected in a char- 
acter so gay and breezy. Yet, if poetry 
flourished here amid the vast forests of 
southern Costa Rica, the local bards might 
seize upon and celebrate the voice of the 
striped flycatcher as the true harbinger of 
spring, as European poets have taken the 
voice of the cuckoo, and North Americans 
the songs of the bluebird and the robin. 

Yet, to a certain section of the local bird 
population, I fear that the airy whistles of 
the striped flycatcher are anything but a 
message of gladness and good dieer. At this 
season, I fancy that I hear the yellow- 
breasted gray-capped flycatchers exclaiming 
to their mates in their thick, earnest voices,, 
and the chipsaeheeries repeating in their 
soft, high tones : ‘ ‘ Confound it ! So that 
is hack again T’ 

For in March, the month of gathering 
clouds and the first light evening showers^ 
the gray-cai)s and the chii^acheeries, 
gether with a host of other birds of the most 
diverse kinds and colors, b^in to fadbio:ia 
their nests, that they may bring forth tlMbr 
young in the verdan^ flowery period of April 
and May, when fiouririies an abundance of 
insect life that lightens the of flllmg 
hungry nestling mouths. But not so the 
striped flycatehets; instead of settmg BbmiA 
to prepare their nest?, eontinuB lao perch 
idly in the treetop^ now and again 
f 01^ to snatch up passing hised!% 
tinue their thin whikles, as hreei^ Soli 
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free as ever. Not for this pair the joyous 
occupation of choosing, male and female 
together, the site of the future nest, amid the 
dark foliage of orange or lemon tree, or at 
the leafy end of some long bough overhang- 
ing the sparkling current of the river, close 
beside a hive of stinging wasps that will 
fiercely punish any heavier, less aerial crea- 
ture that shakes the swinging branch. Not 
for the female striped flycatcher the pleasant 
task of building the nest, while her mate 
perches close by, dropping a cheery note of 
encouragement each time she passes him with 
a straw in her bill. The striped flycatchers 
have other ends in view; they watch and 
whistle while other birds build their nests. 

At length, after a week or two of unhur- 
ried labor, the gray-cap, or her cousin the 
chipsacheery, has completed her nest, a com- 
modious structure of dry straws and weed 
stems, with a high domed roof to shield the 
occupants from sun and rain, and a wide 
round doorway in the outer side. A few 
mornings later she lays the first of the white 
eggs wreathed with brownish spots, then two 
or three more on the following days. Now 
is the time for the striped flycatchers to put 
in their master stroke of strategy. It is not 
without a purpose that they have waited all 
these weeks in the tops of neighboring trees, 
appearing so blithe and innocent, yet watch- 
ing every move of their intended victims, 
and quite aware of the precise stage of the 
nesting operations of the particular gray-cap 
or chipsacheery they have chosen as their 
dupe. 

One fine morning, after the eggs have been 
laid in the domed nest, one of the striped 
pair ventures closer than the owners will 
permit. Then one of the yellow-breasted 
owners, as likely as not the male, darts at 
the intruder, who at once prudently retires. 
Perhaps the female yeUow-breast joins in the 
aerial chase. The longer and hotter the pur- 
suit, the better for the purposes of the 
stariped flycatchers. While one of the pair 
decoys the owners away, the other enters the 
unguarded nest, takes a spotted egg in its 
bin, flies out and drops it to the ground. 
They have scored their first point in the un- 
equd contest Then they go off a while, 
ins^l catdbing and <^ing, and at their con- 
wiknce return for the seccnd round. The 


yellow-breasted owners of the nest, excited 
and angry now, dart fiercely at them, deter- 
mined to drive away these impertinent 
thieves. The chase is hot, pursuer and pur- 
sued twist and double until it is difficult to 
follow their movements with the eye. But 
the defense of the yellow-breasts reveals 
more zeal than strategy; in their spirited 
sally to drive the trespassers away from their 
citadel, they have neglected to maintain a 
garrison. Again the striped birds’ opportu^ 
nity arrives and soon a second egg lies broken 
on the ground. When the last of the three 
or four eggs has shared the same fate, the 
contest ends, as it always does, in favor of 
the striped flycatchers. Although the battle 
was spectacular and noisy, with both sides 
voicing their characteristic cries, none of the 
contestants suffered personal injury greater 
than the loss of a few feathers. 

Few birds will lay a second time in a nest 
that has been pillaged. So the gray-eap or 
chipsacheery who has lost her nest soon be- 
gins, hopeful and industrious as ever, to 
construct a second domed nest close by, leav- 
ing the plundered structure in possession of 
the invaders. These carry in a loose handful 
of small dry leaves — ^which the builders of 
these domed nests never themselves take in — 
as though they felt constrained to make at 
least a pretense of useful effort. Among this 
loose litter the female striped flycatcher lays 
her three grayish-brown, mottled eggs, and 
incubates them while her mate whistles in 
impudent exultation from the nearest tree- 
top. And these thieving birds, once estab- 
lished in their ill-gotten home, guard it with 
as much zeal, and attend with as much care 
and affection the eggs and young it shelters, 
as though they had built it with their own 
bills. Frequently the female may be over- 
heard singing to herself a sweet little song 
of love and contentment as she sits over her 
eggs. 

The season is now well advanced, and the 
dispossessed yellow-breast labors with more 
concentrated energy to finish her second nest. 
Soon it is completed, a new set of eggs depos- 
ited in it, and the patient task of incubation 
begun once again. Occasionally, during an 
interval when the second nest of its victims 
remains unguarded, a striped flycatcher will 
remove an egg from that nest; more from 
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habit than from malice. But in general, 
all goes well with the replacement nest 
of the yellow-breasts — ^provided snake and 
weasel and hawk and destructive boys fail 
to pass its way — so long as the striped fly- 
catchers prosper in their stolen nest near by. 
But the eggs and young of the home-robbers 
asve preyed upon by the same enemies that 
take toll of the offspring of the home-builders. 
If they are lost, as may happen in from a 
quarter to a half of all the nests occupied by 
the striped flycatchers, they wiU not again 
entrust their eggs to the structure that has 
been once pillaged. Instead, they demand 
another commodious domed nest of their 
dupes, the yellow-breasts, and will most 
likely throw out the new set of eggs that the 
female yellow-breast is incubating in her 
second structure near by, causing the un- 
fortunate bird to build yet a third. One 
might suppose that the unhappy pair would 
withdraw to some more distant locality to 
construct their later nests, instead of plac- 
ing them within such easy reach of their 
persecutors and despoilers. But as a rule, 
this is not feasible; were they to go in search 
of another area suitable for their breeding 
operations, in all likelihood they would find 
it already in possession of another pair of 
their kind, who would resent their intrusion, 
and who most probably had also to contend 
with a pair of the pestiferous stripe-breasts. 
So the long-suffering gray-caps and chipsa- 
cheeries linger upon their own home ground 
chosen many months before, and hopefully 
build nest after nest there, until at length, 
unless they have more than usual bad luck, 
one is successful, and their bright-eyed 
fledglings, safely past the most critical period 
of their lives, fly from its shelter, and clamor 
incessantly for food in the neighboring trees. 

Thus, when a pair of the yeUow-breasted 
flycatchers is selected by a pair of striped 
flycatchers as their victims, they not only 
lose their first nest but may lose their sub- 
sequent nests. Consequently, iheir success 
depends to a large extent upon the success 
of their persecutors. The safety of the sec- 
ond nest occupied by their eggs and nestlings 
is not bound up in this nest alone, but also 
in the earlier structure stolen from them by 
the striped flycatchers, and the risk of loss 
is doubled. Fortunately, the chipsacheery 


and gray-capped flycatchers are hardy, pro- 
lific species, widespread in tropical America. 
The striped flycatcher, like the chipsacheery 
(the wider-ranging of its victims), spreads 
over a vast territory stretching from Mexico 
to the northern districts of the Argentine 
Republic, but in most parts of its range is 
far less abundant than the two yellow- 
breasted species whose nests it occupies. 
And these, despite the loss of so many nests 
to the striped thief, are in extensive regions 
of the American tropics among the most 
abundant and familiar of birds about the 
dooryards of men, in pastures with scattered 
trees, and along the shores of rivers and 
lakes. They avoid the heavy, unbroken 
forests where conditions are not favorable 
for their flycatching. 

II 

Here Nature herself has created a situa- 
tion that points as profound a moral as any 
parable sprung from the fecund imagination 
of Aesop, La Fontaine, or Iriarte. Of the 
main events in the struggle between the 
striped flycatcher and its victims I am per- 
fectly sure, having witnessed it not fifty 
yards from my dwelling. And each year, 
over a vast territory in the warmer countries 
of America, this little drama of bird life is 
acted many thousands of times over; as it 
has been, no doubt, during untold centuries 
stretching beyond the dawn of human his- 
tory. Here is a relationship between two 
antagonistic species so old, so firmly estab- 
lished, and so widespread, that it may well 
be worthy of our serious examination. The 
reader, if he is acquainted with none of the 
chief protagonists — if he has never heard 
the long-continued dawn-song from which 
the chipsacheery flycatcher takes its name, 
and has seen nothing of the devoted industry 
of the gray-cap as she fashions her domed 
nest — ^will have formed no prejudices in 
favor of one side or the other, and can the 
more dispassionately and unerringly draw 
eondusions from their strange history. 

For I, after long acquaintance wi^ these 
attractive birds, have become the partisan of 
the aggrieved party. Once, while witnessing 
the conflict between a pair of gray-caps and 
a pair of striped flycatchers for the posses- 
sion of the former^s nest, I longed to be able 



256 


THE SCIENTIFIC MONTHLY 


to drop a word of advice into the ear of the 
defenders. ‘‘Instead of dashing foolishly in 
pursuit of your slippery assailants/^ I 
wanted to tell them, “keep your citadel con- 
stantly garrisoned. Take turns at warming 
your eggs, keep them constantly covered and 
the pesky little stripe-breasts will never be 
able to harm them.” 

But I fear that this would have been ad- 
vice proffered in vain. In all the great fam- 
ily of the American flycatchers, I have not, 
in years of study, discovered a single species 
of which the m^e takes a turn on the eggs. 
For a male flycatcher to sit in the nest would 
be as preposterous and unconventional as for 
a male woodpecker or a male antbird to fail 
to take his full share in warming the eggs 
and brooding the young. Being conserva- 
tive by nature, doubtless the gray-caps would 
rather continue to risk the loss of their nests, 
than to change the age-old customs of their 
kind ; just as those who have been born and 
raised upon the slopes of a volcano will linger 
there, under the constant menace of a dis- 
astrous eruption, rather than seek a safer 
home in strange parts. 

What, then, could the gray-capped fly- 
catchers and the chipsacheeries do to put an 
end to this annually recurrent and oft- 
repeated outrage! Here is a problem that 
has sometimes amused me upon my solitary 
walks. They might unite against their tor- 
mentors and attempt to make an end of them 
in an active war of extermination. But in 
this it is not likely that they would be suc- 
cessful ; for the striped flycatchers, although 
smaUer and weaker, are suflSciently swift and 
a^ile to elude their pursuers. Or they might 
become disciples of the Mahatma Gandhi, 
wage a passive rather than an active war- 
fare, and refuse to build nests at all, seeing 
that so iajge a proportion of them are made 
for the use of others. But this Gandhian 
policy, also, could not be wholly successful; 
for ^ two specie of yeUow-breasted fly- 
mldbers, although the chief victims of the 
Striped-breasts, are by no means the only 
^es. The nest-thiev^ CHJCupy a considerable 
of cov^t^ or dosed nests, induding 
ttie woven pouches (d the orop6ndolas 
w^ber^ of the oriole family, the 
glbhiiar structures dE fibrous and 
buit, in tte tree4ops by 


becards, and have even been known to take 
possession of the nest-chamber carved by 
gartered trogons into the heart of a big, 
papery wasps ^ nest. It is probably in such 
situations that their litter of dead leaves is 
of service, for trogons do not line their nests 
with soft materials. But there is no record 
of the striped flycatchers^ ever having made 
use of an open nest, such as those of thrushes, 
tanagers, sparrows, and the great majority 
of songbirds. Hence, were the yellow- 
breasted flycatchers to go on strike and re- 
fuse to build, the striped flycatchers would 
be deprived of the most important, but by no 
means the only, source of their nests. By 
such a course, the yellow-breasts would be 
more likely to accomplish race-suicide than 
the extermination of their enemies. 

Or, taking the philanthropic — or should it 
be philornithic ! — ^view, the chipsacheeries 
and gray-eaps might establish schools to 
teach the less gifted striped flycatchers how 
to build their nests. But in such a high- 
minded endeavor, the auguries of success are 
not encouraging. Students of evolution have 
crystallized certain of their conclusions in 
the so-called “Law of Loss,” They have 
discovered that when once an organism, in 
the course of many generations of evolution- 
ary change, loses an organ, that organ is 
never recovered. If, as a result of secular 
changes in environment, external conditions 
recreate the need for the lost part, it is not 
reconstituted in its primitive form, but at 
best a substitute is gradually developed. 
Thus plants of a number of kinds, at home 
in arid regions, have little by little quite lost 
their leaves. When one of these plants again 
finds itself growing under humid conditions 
where the possession of broadly expanded 
leaves would be an advantage, it cannot 
recover its lost foliage in the original form, 
but at best, during the course of many gen- 
erations, develops substitutes of quite dis- 
tinct origin, such as flatly expanded stems 
or leaf-stalks. What applies to organs prob- 
ably holds equally true of instincts, such as 
that of nest-building. As well attempt to 
help a snake sprout forth again the legs 
enjoyed by its remote ancestors, bs to teach 
a striped flycatcher to fashion a nest such 
as its f oref athei^ once built 
AH things ©onshiered, it is probable timt 
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the best course the victims of the striped fly- 
catchers could take is that which they already 
follow. Indeed, it is not likely that the 
philosophie naturalist, in his comfortable 
armchair or on his musing evening walks, 
can improve upon the ways Nature has devel- 
oped as the result of countless millions of 
trials covering many thousands of years. 
Yet I make bold to suggest an improvement, 
in one small point, on the course actually 
followed by the yeUow-breasted flycatchers: 
that instead of making a nest in the vain 
hope of using it themselves and laying eggs 
only to have them thrown away, each pair 
of yellow-breasts, at the outset of the breed- 
ing season, build a nest especially for the 
pair of striped flycatchers that has attached 
itself to them, and when it is completed, lay 
no eggs there, but respectfully invite their 
persecutors to move in and have joy of it. 
Then, chirping praises of their own philor- 
nithy in providing their poor relations with 
the means to perpetuate their kind, they can 
go ahead and build another for themselves, 
with better prospects of remaining in pos- 
session. But let them fashion the nest in- 
tended for the striped flycatchers with all 
the care they bestow upon that destined for 
their own offspring ; for if the first is flimsiLy 
built and collapses in a rainstorm, the ten- 
ants will, as I once saw, abandon it, and dis- 
possess the yellow-breasts of their more 
sturdily built second nest. And let the gray- 
caps and chipsacheeries wish success to those 
for whom they have built j although they may 
not love those clamorous, improvident crea- 
tures, they have every reason to wish them 
good fortune, knowing full well that any 
mishap that befalls the striped-breasts' nests 
will be also their own misfortune. For the 
prosperity of the highly gifted yellow- 
breasted flycatchers is linked with the wel- 
fare of the deficient striped-breasts. 

in 

Our study of a certain peculiar situation 
existing among the birds of tropical America 
has led to the quite unexpected conclusion 
that the best course certain persecuted 
species can follow is, if not to love, at least 
to wish wen to a second species as a result 
of whose deficiencies they are grievoudy 
annoyed. Nature herself, Nature ^^red in 


tooth and claw," has taught, in this instance 
at least, a rule of conduct closely approxi- 
mating some of the doctrines of Christ often 
looked upon as fantastically idealistic and 
quite inapplicable to conditions as they 
actually exist in this world of conflict and 
brute force. To love their enemies, to turn 
the other cheek m the figurative sense, is the 
course of action which will bring the yeUow- 
breasted flycatchers the maximum of success 
in their endeavor to reproduce their kind, 
with the least amount of annoyance. And 
this is, in effect, the course they actually 
follow, with cries of wrath and unchristian 
complaints, no doubt, yet with no great resis- 
tance. I have never known a yellow-breasted 
flycatcher to try to settle accounts with the 
despoiler of its nest by vengefully throwing 
out the intruder's eggs — ^an act which, as we 
have seen, would only redound to its own 
further loss. 

One lesson more may be drawn from this 
strange situation. We commonly assume 
that the strongest, the most perfectly 
equipped species, will be most successful in 
the struggle for existence. But this is by no 
means universally true. Some organisms 
are eminently successful by virtue of their 
very weaknesses. The striped flycatchers, 
with their grave deficiencies of instinct, lord 
it over the obviously better equipped yellow- 
breasted flycatchers, which to our eyes are a 
“nobler" species. Seeds of a vine and a 
great tree germinate side by side in the dim 
light of the forest floor. The light-starved 
tree seedling grows with extreme slowness; 
it must form a self-supporting trunk as it 
increases in stature, and can never mature 
and fructify unless one of the giant trees 
above fall and make an opening in the high 
canopy where it can spread its ample limbs 
and enjoy the full sunlight. But there will 
be many competitors for this gap when at 
length it occurs; and the seedling's chances 
of ultimate success are exceedingly slender. 
But the vine, which will never be able to hold 
itself erect, twines dowly upward from limb 
to limb and from tree to tree, until at last 
it spreads a tangled ma^se over the loftiest of 
them all, and displays its brilliant blossoms 
over the roof of the forest Its ve^y of 
a self-supporting stem eontributes to its 3990- 
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cess; the necessity to form one, to complete 
itself, causes the failure of the seedling tree. 

IV 

The problem of the striped flycatcher is 
not confined to the bird world alone ; it is of 
far broader significance. Striped flycatchers 
we have always with us. In human society 
they are the underprivileged, the disinher- 
ited, the inept. But the advantage of con- 
sidering the problem as it occurs among 
birds is that we can do so dispassionately, 
and so reach truer conclusions. Human 
problems are so bound up with our fears, 
hopes, and prejudices that only with diflS- 
culty can we give them the detached, objec- 
tive consideration essential for reaching solid 
conclusions about our social behavior. 

In the tropical valley where I dwell, the 
welfare of two highly endowed species of 
birds is intimately dependent upon that of 
a third species with a conspicuous deficiency 
which — without justification, as we see it — 
makes a claim upon their superior endow- 
ments. The security of their homes and 
families hangs upon the safety of the homes 
wrested from them by their poor relations. 
The happiness of some of the noblest birds 
in the valley is linked with that of one which, 
from the point of view of the human moral- 
ist, is the most ignoble of them all. 

Is it otherwise in human communities ? I 
think not. In a hundred ways, some direct, 
some subtle and tortuous, the welfare and 
happiness of the ablest and most gifted mem- 
bers of a society are dependent upon that of 
the poorest, the meanest, the most defective 
— ^the striped flycatchers among us. The dis- 
eases that breed in the slums and the shacks 
of the indigent find their victims at length 
in the comfortable homes of the prosperous. 
The vices which lurk there creep into the 
well-ordered families of the substantial citi- 
zens. The thieves created by idleness and 
destitution take toll of the goods of the well- 
accommodated. If the underprivileged class 
is sufficiently numerous, then the political 
and economic systems of the coxintry are 
disordered, the entire moral atmosphere pol- 
luted. Longer-suffering than their feathered 
prototypes, retrained by law, custom, and 
the whole ponderous superstructure of the 
aodWl the human striped flycatchers 

do not assert their fundamental needs with 


such salutary regularity. But if their defi- 
ciencies become too acute, their sufferings too 
dire, they rise up with energy and wrath that 
shake the whole social order to its founda- 
tions and strike down the lords of the land. 

But in ways still more subtle and imma- 
terial, our happiness is influenced by even 
the least of the creatures around us. Sensi- 
tive persons are peculiarly affected by the 
proximity of suffering and distress. The 
sight of a crippled beggar, a mistreated child, 
a fly-tortured horse, a broken-winged bird, 
or even a mutilated butterfly, casts its 
shadow of melancholy, large or small, over 
the sunlit fields of the fairest morning. 
Those who know how to live well try to sur- 
round themselves with creatures in good 
health and fine spirits. The raw-boned horse 
and the woebegone dog are not found in the 
possession of sensitive people. 

The psychology of happiness has never 
been fully analyzed. How is it that great 
catastrophes, such as wars, plagues, and 
earthquakes, throw a cloud of unhappiness, 
proportioned to their magnitude, over per- 
sons far removed from actual contact with 
them, hardly affected even by their indirect 
consequences? By what mystic bonds of 
sympathy, what obscure telepathy of suffer- 
ing, does this action at a distance occur? 
Perhaps, in some fashion we fail to under- 
stand, all suffering, whether of man or other 
living creatures, no matter how remote, ex- 
erts its proportioned influence upon our 
spirits and prevents our happiness from 
attaining its fullest measure. Perhaps none 
will ever enjoy full, unruffled beatitude un- 
til — 0, when? — ^misery and pain quite vanish 
from the earth. 

In smaller spheres of action, the depen- 
dence of our well-being upon that of the 
creatures around us is becoming increasingly 
evident to thoughtful men. The farmer who 
applies the doctrine of ‘‘cure or kiir^ to his 
suffering domestic animals has taken the first 
step in the practical application of this 
philosophy. Only savage, insensitive natures 
can endure to be surrounded by maimed, 
suffering, or mistreated animals. The same 
applies with added force to our own kind. 
The degree of civilization of a community or 
a nation may be gauged by its effort to edu- 
cate the underprivaeged, that they may 
create for themselves the things they need 
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for the completion of their lives, for their 
happiness. In all enlightened countries, the 
congenitally defective and inept — ^those true 
striped flycatchers that can never be taught 
to build their own nests — ^are supported by 
public charity or kept in appropriate insti- 
tutions. These benefactions in favor of the 
underprivileged are a huge drain upon the 
resources of the community; but wise admin- 
istrators and thoughtful citizens do not 
doubt the wisdom of making the sacrifice, 
just as the yellow-breasted flycatchers have 
learned, under Nature’s wise tutelage, to 
give up their nests to the striped-breasts 
without too much resistance and with no 
revengeful reprisals. Peace and harmony 
are bought only at the expense of giving the 
unendowed their vital needs or by extermi- 
nating them. A few modern states, un- 
shackled by tradition or by compassion, have 
attempted the eradication of their striped- 
breast class. The wisdom and the practic- 
ability of this policy remain to be proved. 

V 

Logically, it requires but a short step to 
apply to the family of nations the parable 
that points so plain a lesson in situations 
where selfishness and prejudice do not blind 
us to its truth. Yet in practice it is a step 
so long that only a few of the most far- 
sighted of statesmen have been able to take 
it. From the example of Nature, as from 
civic experience, we have learned that where 
a striped-breast class exists, peace and secur- 
ity can be attained by either of two methods : 
by its extirpation or by yielding to its neces- 
sities with the best grace we are capable of 
assuming. The rule still holds when we turn 
from birds and men as individuals to those 
aggregations of men called nations. 

An underprivileged nation is one poor in 
natural resources, or with insuGBcient terri- 
tory for its population, or with position and 
empire inferior to that which the ability of its 
people entitle it to hold. Add to these that 
most dangerous class of all : nations intellec- 
tually or temperamentally unfitted for self- 
government. All such countries must sooner 
or later come into armed conflict with their 
better endowed neighbors. Perhaps, now 
that the days of dynastic wars are gone, and 
the world has ceased to be a chessboard over 
which rival priaces play for fiefs and vas- 


sals, it would not be far from truth to state 
that only such countries fight with their 
neighbors. For like the striped flycatcher, 
like the underprivileged classes in the social 
structure, no nation will long rest quiet with- 
out the things it needs for continued exis- 
tence. It will not succumb without a 
death-struggle. 

When a population of birds, or a commu- 
nity of men, has learned that the welfare 
and stability of the group can best be main- 
taiued by submitting to sacrifices in behalf 
of the underprivileged and handicapped in- 
dividuals, it appears to follow that the 
general health of the family of nations can 
best be secured by a like policy. Those 
countries on the west coast of South America 
whose territory extends across the Andes 
possess large areas with no natural outlet 
save by way of the Amazon River, flowing 
for two thousand miles through territory 
undisputedly Brazilian. Years ago, Brazil 
declared the great river open to international 
navigation, when she might have kept it 
closed with lucrative tariffs, and as a result 
the largest country in South America lives 
in unruffled amity with her neighbors to the 
west. The great nation of Poland was, in a 
sense, in much the same situation as the vast 
but thinly populated Oriente of Peru; it 
could obtain access to the sea and free inter- 
national commerce only through foreign ter- 
ritory. The ‘^Polish Corridor,” so impor- 
tant to the nation it served, without doubt 
caused inconvenience to the Germans whose 
territorial continuity it severed. Less lib- 
eral than Brazil, Germany would not abide 
this inevitable annoyance; and Poland’s out- 
let to the oceans became one of the causes 
leading to universal confliet. 

Peace will reign only when nations learn 
to make sacrifices to preserve it, to abide with 
good-humored patience inconveniences which 
arise from unavoidable international difficul- 
ties, and to feel an obligation toward neigh- 
boring countries less fortunate than them- 
selves — ^in short, when they learn to act 
generously instead of selfishly. Alas I it 
seems that nations must ever be less noble 
than many of the men who compose them. 
Individuals have not infrequently been 
known to perform acts of spontaneous gen- 
erosity; nations, almost never. Individuals 
have times without number made sacrifices — 
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even the highest sacrifice — ^for the public 
good. When has a nation spontaneously 
made a genuine sacrifice for the good of man- 
kind? National honor is far inferior to the 
best individual honor, so-called ‘^national 
honor” being a species of arrogant, swagger- 
ing pride, rather than a scrupulous care in 
the performance of obligations. No prudent 
man would care to do busiuess with an indi- 
vidual or firm that could produce no better 
record of the fulfillment of contracts than 
the majority of nations have shown through- 
out history. 

It is as imprudent for a country of great 
wealth, culture, and resources to allow itself 
to be surrounded by rude, impoverished 
neighbors, as for a rich man to live among 
starving paupers. The rich man, if wise and 
farsighted, will increase his security, and 
probably also his wealth, by helping his 
neighbors to earn an adequate living. But 
there may come times when he is called upon 
to give them bread to protect himself. 

But with certain nations, diseased by 


greed or intoxicated with delusions of their 
own grandeur, no degree of generosity, no 
amount of graceful yielding, can bring peace 
and conciliation. Such countries no longer 
struggle for the means of existence ; they are 
content only with domination. WTiat nation 
could have yielded to the demands of the 
Persia of Darius, the Macedonia of Alex- 
ander, or the Prance of Napoleon, and con- 
tinued to exist? Carthage and Borne, as two 
states whose pride and ambition had no 
bounds, were well equipped to understand 
each other. Their statesmen knew that con- 
ciliation was impossible and no peace be- 
tween them could be lasting, because neither 
could brook any limit to its power. It is as 
though the striped flycatchers, not content 
with the single nest they must have or fail 
to reproduce their kind, believed that their 
noble qualities entitled them to every nest 
the yellow-breasted flycatchers could build; 
then for the yellow-breasts there would be no 
middle course between destroying the striped 
flycatchers and being destroyed by them. 
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he received his doctor- 
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ffis own story follows; 
Daring my andergradnate years, I spent the sam- 
mers on Mt. D^ert Island, Maine, studying the 
northern plant-life, especially that of the sea- 
shore. Daring the summer of 1926, I enjoyed my 
first ghmpse of the tropics, on a botanical expedi- 
tion to the Mand of Jamaica. Here we stayed 
for six we^s in the Blue Mountains. After the 
return of the party, I settled down for six weeks 
more on a banana plantation to make a study of tbe 
anatomy of the banana leaf for the United Fruit 
Company — this became my doctor’s dissertation. 

In 1928 1 ymd to Abnirante in western Panama on 
a fiddowship from Hopkins to continue my studies of 
the banana at the research station the United Fruit 
Company then maintained there. In 1930 I eon- 
tinued these studies at Tela, Honduras. Upon these 
vMls to Central America, I became deeply interested 
in Mrd4ifet I found that the birds of this region 
had ^ been classified, but exceedingly little was 
kaeim about how they lived. I revived to dedicate 
to this In 1932 1 spent half a year on 

,, A plantoi&m bn ’fim border betwemi CNrnto- 

m aki n g an iniepeatoit study 


of the birds. I spent all the following year study- 
ing the birds of the Guatemalan highlands at eleva- 
tions ranging from 7,000 to 10,000 feet and here I 
also made a coUeetion of the plants. This led to a 
commission from the Arnold Arboretum of Harvard 
University to collect for them during the foUowing 
year in the Guatemalan highlands. 

In 1935 I came to Costa Bica, with plans to com- 
bine my studies of the birds with botanical coUeeting 
as a means of support. Hearing much about the 
Valley of El General, I resolved to go there. I found 
a pioneer community, yrith unspoiled forests on the 
very outskirts of the principal viQage. The local 
Jefe FoUtico was most helpful; through him I ac- 
quired a cabin with a thatched roof in Rivas, where 
I dwelt for a year and a half — ^thrice the length of 
my intended visit. Later I spent two more seasons 
in natural history work in other parts of the valley. 

At the beginning of 1940, I accepted the post of 
curator of the herbarium in the Museo Nacional in 
San Jos^, but resigned after six months to go to 
Peru, Ecuador, and Colombia on a rubber survey 
party for the U. S. Department of Agriculture. 

Having come to look upon the Valley of El 
General as home, I returned in 1941 and bought a 
farm of fifty hectares (about 125 acres), so newly 
carved from the forest that the pastures are even 
now littered with logs and stumps. Here I have 
been living since then, doing subsistence farming 
— keeping sufficient horses and cattle for the work of 
the farm. All the time the farm work allows — 
good deal in ttie wet season — I devote to studying 
toe wild-life and to writiug. 





METEOROLOGICAL MILEPOSTS 

By HARVEY A, ZINSZER 

Meteorology (meteora-flogos), the science chanical moisture indicator. The period of 
of things supraterrestrial, began with the ob- exact weather observations had its beginning 
servations of primitive peoples whose outdoor in about 1590 with the invention of the ther- 
occupations of hunting, tending flocks, and mometer by Galileo and Sanetorius of Padua, 
cultivating the soil depended greatly upon In 1643, Torricelli, a pupil of Galileo, in- 
the weather. Some of the earliest writings vented the barometer known as Torricelli ^s 
extant contain fragmentary references to tube.^^ Five years later, Pascal persuaded 
weather phenomena. For example. Job, sup- his brother-in-law, Perrier, who lived near 
posedly written in 1520 B.C., and Ecclesiastes, Puy-de-Dome, a mountain in southern 
written about 977 b.o., both contain specula- France, to ascend the mountain to determine 
tions regarding the weather, some of which whether the height of the mercury column in 
are believed to have been old even at the time the barometer would diminish with altitude, 
of their recording. The weather rule which Perrier’s observations disproved the old be- 
taught that the fiirst twelve days of the year lief that ‘‘nature abhors a vacuum,” and 
indicated the type of weather for each of the showed conclusively that atmospheric pres- 
ensuing months was traced back by HeU- sure diminishes with altitude, 
mann to the fifteenth century b,c. The an- The transition from visual to instrumental 
cient Chaldeans and Babylonians, pioneers observations, or rather the movement toward 
in the science of astronomy, tried to connect exactitude in the field of meteorology, was 
the phenomena of weather with the motions attended by a long series of discoveries and 
of the heavenly bodies. The Greeks, too, inventions. Pendulum anemometers for mea- 
were forerunners in the field of meteorology, suring the force of the wind were erected in 
for in Athens today there stands the Temple Bologna and in Florence by the astronomer 
of the Winds, an edifice erected about 100 Egnatio Danti, about 1570. The Italians also 
B.C. for observing the direction of the winds, developed the rain gauge, which was first 
It is an octagonal tower constructed of used by Beneditto Castelli. Other discov- 
marble, and at the top of each face is a eries contributing to the science of meteorol- 
sculptured figure of one of the winds. ogy were : the condensation hygrometer for 

However, the earliest known effort at a measuring moisture in the atmosphere, by 
systematic discussion of meteorology was the Ferdinand II of Tuscany in 1650; the law 
Meteorologica of Aristotle (384r-322 B.O.), of “the Spring of the iir,” discovered in 
which was the standard work for two thou- 1660 by Kobert Boyle and later named after 
sand years. About 400 b.o. Hippocrates, the him; ihe meteorograph, by Wren in 1664; 
Father of Medicine, wrote the first treatise the introduction of the freezing point and 
on medical climatology with many interest- boiling point of water as reference points on 
ing inferences; while Theophrastus, a pupil the thermometric scale, by Huyghens in 
of Aristotle, wrote treatises on winds and 1665; the Fahrenheit scale in 1710; the hair 
weather signs. It is also known that in India hygrometer, by de Saussure in 1783 (de 
rain measurements were made as early as Saussure also ^owed that damp air is lighter 
the fourth century B.o. and that wind vanes than dry air at the same temperature and 
were used in the first century b.o. pressure) ; the wind force scale, by Admiral 

Perhaps the first meteorological instru- Beaufort in 1805; the psychrometer by 
ment with a reacting substance was the August in 1825 ; the pyrheliometer for mea- 
hygroscope of Cardinal de Cusa (1401—1464) suring the sun’s heat, by Pouillet in 1837; 
for determining humidity by weighing balls the aneroid barometer, by Yidie in 1847 ; 
of wool under various moisture conditions, culminating with the perfecting of the radio- 
In about 1500, Leonardo da Vinci con- sonde (radiometeorograph) for radioing 
structed an improved wind vane and a me- from aloft values of atmospheric tempera- 
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ture, pressure, and relative humidity, by 
Diamond and Hinman of the Bureau of 
Standards in 1936. 

Since winds were obviously of paramount 
importance in the era of sailing vessels, we 
find von Verulam announcing, in 1624, the 
rotation of the winds with the sun ; while in 
1686, Halley gave the first account of the 
trade winds and the monsoons. Thus was 
attention soon directed to such traveling dis- 
turbances as cyclones and tropical storms. 
Already in 1687, Dampier recognized ty- 
phoons as revolving storms; this was also 
found to be true of cyclones by Brandes in 
1820, and of hurricanes by Redfield in 1840. 
Perhaps the most significant discovery of 
this kind was that of Franklin in 1747 when 
he found from but two observation points 
that the local weather may be a small part of a 
meteorological configuration passing over the 
country. Franklin had planned to observe 
an eclipse of the moon in Philadelphia; he 
wrote his brother in Boston requesting him 
to make similar observations from there. On 
the day of the eclipse it was stormy in Phila- 
delphia with rain from the northeast. 
Franklin learned later, and to his surprise, 
that it was clear in Boston at the time of the 
eclipse but that soon thereafter a northeast 
rain occurred. Hence he discovered that 
though the rain as it fell appeared to come 
from the northeast, the storm actually trav- 
eled northeast from Philadelphia to Boston. 

The study of heat and thermodynamics 
which underwent a considerable development 
in the first half of the nineteenth century con- 
tributed much to the science of meteorology. 
Watt had invented the steam engine in 1765, 
and Lavoisier had established the true nature 
of the atmosphere in 1783. The law of par- 
tial pressures pertaining to a mixture of 
gases was given by Dalton in 1800, thus mak- 
ing it possible to determine the individual 
pressure of water vapor in the atmosphere. 
Dalton also wrote an epoch-making paper on 
the effects of rarefaction and condensation, 
which laid the foundation of modern physi- 
cal meteorology. Carnot’s book, Be flexions 
sur la puissance motHce du feu, written in 
1826, introduced the so-called Motor Age 
leading to modem transportation and pres- 
et-day aviation with its profound influence 
on meteorolc^. In 1830, James P. Espy 


announced the important principle of the 
cooling of air as it rose and expanded, and in 
1841 he published his Philosophy of Storms in 
which he stated the importance of the ex- 
pansion of rising air in the formation of 
thunderstorms and clouds. Almost simul- 
taneously, Dove published his theory of 
storms with indications that storms originate 
when polar air and tropical air are brought 
into juxtaposition. This was followed in 
1856 by Ferrel’s theory of general circulation 
in which, by the application of dynamic the- 
ory, he showed the effects of the earth’s rota- 
tion on a mass of moving air. 

While the observations of Tycho Brahe 
from 1582 to 1598 comprise the earliest sys- 
tematic meteorological records, we find the 
Chevalier de Lamarck (1774-1829) working 
with Laplace, Lavoisier, and others in estab- 
lishing a network of observing stations, and 
publishing a series of Annuaires Meteorch 
logiques from 1800 to 1815. The earliest 
record of synoptic weather charts is, how- 
ever, accredited to Brandes who, in 1820, 
produced a series of daily weather charts, 
one for each day of the year 1783, and who 
later published charts of the great storms of 
1820, 1821, and 1823. He explained these 
storms as due to barometric depressions ad- 
vancing from west to east over the earth’s 
surface. 

In America, Espy carried out similar re- 
searches; he established a service of daily 
synchronous observations and studied in de- 
tail the behavior of depressions. The work 
of Lamarck, Brandes, Espy, and others led 
to the establishment of networks of meteoro- 
logical stations in several countries within 
the years of 1850-1856, the Meteorological 
Office in London having been set up in 1854. 
International cooperation was first estab- 
lished by an international conference held in 
Brussels in 1853, and was put on a sound 
basis by an international congress in Vienna 
in 1873. Meanwhile, in 1860, Buys-Ballot 
announced the so-called baric wind law which 
states the relation between wind and pres- 
sure distribution; namely, if the wind is to 
your back, the pressure is lower on your left 
than on your right in the Northern Hemi- 
sphere; and oppositely for the Southern 
Hemisphere. The first map of pressure dis- 
tribution over the entire world was produced 
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by Bucban in 1869; it was followed by 
Molm’s storm atlas in 1870. 

An interesting sidelight influencing the 
advent of weather maps occurred during the 
Crimean War (185^1856), when a storm in 
the Black Sea caused considerable damage 
to the French fleet, especially to the battle- 
ship Henri IV. About this time, the as- 
tronomer Leverrier had won world renown 
by forecasting the existence of a new planet. 
Napoleon III apparently thought that if 
science could predict the whereabouts of 
hitherto unknown planets it could also fore- 
cast storms and weather. He therefore 
charged Leverrier with the difficult task of 
organizing a system of weather forecasting. 
Since there were no weather bureaus or or- 
ganized system of reporting, Leverrier had 
to call upon observatories, universities, and 
a few observing stations that kept meteoro- 
logical logs for data. From this material 
he plotted primitive weather maps by means 
of which a ‘*post mortem study of the Black 
Sea storm could be made. He found that the 
storm could be traced from one weather map 
to another and that it moved along a regular 
path and with fairly constant speed. The 
conclusion drawn was that if observations 
were made at a large number of stations and 
if reports could be transmitted with sufficient 
speed to a central office, one could by plot- 
ting and by analysis extrapolate a storm's 
future movement. 

Naturally these results created a wave of 
enthusiasm, and the second half of the cen- 
tury saw weather bureaus established in 
several of the civilized countries of the globe. 
However, it was soon found that the problem 
of forecasting was more intricate than antici- 
pated. Since at this time little was known 
of the normal state of the atmosphere, it was 
difficult to understand the perturbations 
superimposed upon it. The methods of fore- 
casting were based mostly on statistics and 
rules of thumb, which were generally of local 
or regional value only. So the optimism 
created by Leverrier 's report was soon fol- 
lowed by a period of dormancy which pre- 
vailed more or less until World War I when 
the problem of weather forecasting was at- 
tacked with renewed vigor and determina- 
tion. In fact, the development of aviation 
since World War I has provided a greater 


stimulus for a rebirth of meteorology than 
the entire previous history of man. 

In the United States, Professor Cleveland 
Abbe, Director of the Observatory in Cincin- 
nati, with the assistance of the Western 
Union Telegraph Company, undertook, in 
1869, to gather data and forecast storms. 
The results were so uniformly successful that 
the organization of the Weather Service as 
part of the Signal Service under the War 
Department occurred the following year. In 
1891 the Weather Service was made a sepa- 
rate bureau and placed under the Depart- 
ment of Agriculture; and, under the able 
leadership of men like Harrington, Moore, 
Marvin, and Gregg, has been efficiently 
gathering data from hundreds of stations 
over the United States, analyzing it, and 
broadcasting the results in but a few hours. 
By authority of the Air Commerce Act of 
1926 and the Civil Aeronautics Act of 1938, 
the Weather Bureau is today charged with 
the responsibility of furnishing an adequate 
meteorological service for aviation in order 
‘‘to promote the safety and efficiency of air 
navigation in the United States and above 
the high seas." 

In constantly endeavoring to maintain as 
complete a service as possible, the Weather 
Bureau has established about 550 stations at 
fairly regular distances apart along the civil 
airways in the United States, Alaska, and 
Hawaii; and, in addition, over 250 stations 
rather uniformly distributed off the airways 
for reporting weather, Eeports are col- 
lected by teletype and radio from airway sta- 
tions, and by telegraph and telephone from 
off-airway stations. These reports are then 
relayed to required points along the airways 
by the Department of Commerce radio and 
teletype systems. About 140 of the fore- 
going meteorological stations are equipped 
for taking upper-air wind observations by 
means of pilot balloons; while approximately 
thirty stations are equipped for taking radio- 
sonde observations in which instruments car- 
ried aloft by balloons report conditions of 
temperature, pressure, and humidity by 
means of radio. At about 150 important 
airway terminals, qualified meteorologists of 
the Weather Bureau are on duty twenty- 
four hours a day, charting and analyzing 
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weather reports and discussing the meteoro- 
logical conditions with pilots of the airlines. 

In the past, almost all the observations 
used in the forecasting of weather were taken 
at or near the earth's surface, little use being 
made of observations taken at high altitudes. 
In recent years, however, upper air condi- 
tions and movements have been studied, and 
as a result changes have been made in the 
theory of formation and structure of cyclonic 
storms. The polar front theory of the forma- 
tion of cyclones and the method of air mass 
analysis used in forecasting weather condi- 
tions were developed largely by the Nor- 
wegian school of meteorologists. 

Since upper air analysis, so important in 
weather forecasting, is contingent upon mete- 
orological information concerning the upper 
air, a brief sketch of the development of 
this phase of the science seems apropos. The 
jSrst scientific balloon ascent was made 
in Paris by Charles in about 1803. Other 
ascents were made by Glaisher from 1862 to 
1866. Prom 1890 on, sundry mountain ob- 
servatories were erected to record the various 
meteorological conditions of the free atmos- 
phere; in the United States, the pioneer 
mountain observatories were set up on Mount 
Washington and on Pikes Peak. Balloons 
and kites carrying instruments were also 
used with increasing frequency to obtain 
observations from the upper atmosphere. In 
1901, Suring and Person reached an altitude 
of 35,400 feet in a free balloon. A year 
later, Teisserenc de Bort and Assmann dis- 
covered the stratosphere; and, shortly there- 
after, Gold and Humphreys gave a theoreti- 
cal explanation for the formation of the 
tropopause. However, simultaneous obser- 
vations from the free atmosphere in large 


numbers and over large areas were obtain- 
able only after the airplane and the radio 
came into general use. The findings of 
Stevens and Anderson, who in 1935 ascended 
to a height of 72,395 feet above sea-level in 
the Explorer II, added considerably to the 
fund of knowledge in meteorology. 

The vast uninhabited regions in the arctic 
and the antarctic were tempting fields for 
exploration, and much information was 
brought home by numerous polar expeditions 
to enhance our steadily growing knowledge 
of polar meteorology, a typical example being 
the work of Admiral Byrd at Little America. 
Another feature of considerable interest in 
meteorology are the early ideas of wave 
motion in the atmosphere promulgated by 
Helmholtz and modified later by Solberg in 
1928. Perhaps the most outstanding achieve- 
ments of the past quarter century in this field 
are the discovery of the polar front, the wave 
theory of cyclones, the air-mass and frontal 
methods of weather forecasting initiated by 
V. Bjerknes and his collaborators in Norway ; 
and the method of isentropic analysis as 
initiated by Eossby and his collaborators in 
the United States. 

A sense of accomplishment and genuine 
satisfaction attend the learning of the vaga- 
ries and reasons for the weather, for one of 
the most fascinating phases of knowledge lies 
in the ability to answer the question ^‘why" 
with regard to natural phenomena. 

Although the application of the use of ex- 
pert meteorological prognostication in the 
present war should probably not be discussed 
in special detail for the duration, after the 
war an important chapter on this phase wiU 
undoubtedly be written revealing the re- 
markable happenings in this field. 



SCIENCE WITHOUT EXPERIMENT: 
A STUDY OF DESCARTES 

By RUFUS SUTER 


A FEW years ago Greta Garbo in the role 
of Queen Christine spoke of the Frenchman, 
Rene Descartes (1596-1650). This was one 
of the few times the name of a professional 
thinker has been mentioned on the screen; 
but if Descartes could have heard he might 
have been sad, for his few months as tutor 
to that royal lover of the strenuous life 
ended in his death. The scholar, who for 
years had been used to his bed imtil after- 
noon, could not withstand the rigors of a 
horseback ride at sunrise, which was the 
Queen’s idea of the proper setting for a 
philosophic lecture. 

There is propriety in remembering Des- 
cartes in the aura of a Garbo play. Some 
quaint shots could be made of the philoso- 
pher as a young soldier on the Danube in the 
service of the Duke of Bavaria, Maximilian. 
This was the beginning of the Thirty Tears 
War, so notorious for its cruelties and relig- 
ious fanaticism, though for Descartes little 
of the morbid side of the military life was 
evident. His time was spent in mathemat- 
ical discussion with army engineers. One 
wonders how a soldier could have avoided so 
successfully the harsher experiences of war. 
But Descartes had the ability to take his ease 
in spite of environment, at any rate until he 
visited Queen Christine. 

A picturesque shot could be made of the 
soldier snowbound for a day while returning 
to the army from Frankfurt where he had 
watched the coronation of the Holy Roman 
Emperor, Ferdinand. Alone and seated by 
a stove he made his discovery of the basis of 
true science, as the climax of a period of 
dreams and religious exaltation- He sug- 
gests Buddha sitting under the Bo tree 
rather than his Italian contemporary, Gali- 
leo, who laid bare the basis of science while 
measuring the speed of balls rolling down an 
inclined plane. 

The most romantic feature about Des- 
cartes, however, is that in the hut near 
Frankfurt he discovered a scientific method 
which is not the one we know at present. 


It requires effort for us today to under- 
stand a technique in physics, chemistry, or 
the like, other than that of experiment and 
observation. The effort is hardly less than 
that needed to conceive of a non-Pythagorean 
arithmetic or a non-Euclidean geometry. We 
will find it worthwhile, nevertheless, to re- 
capture the technique of Descartes, because 
an understanding of why it failed will help 
in the appreciation of why the more prosaic 
technique of the master mechanic, Galileo, 
succeeded. 

Before looking at his method we must pay 
attention to the historical circumstances in 
which it was bom. We must guard against 
reading our acceptance of the experimental 
method into the minds of the first two or 
three generations of scientists; against pic- 
turing them as single-mindedly loyal to the 
principle of experiment in their revolt 
against the ancient teachings of Aristotle in 
the schools, churches, and learned communi- 
ties of Europe. Although the fathers of 
modem science were at one in their struggle 
to dislodge the arid expositors of Aristotle, 
the fact is that like many another revolu- 
tionary party their unanimity stopped with 
theip agreement about their common enemy. 
Otherwise they fought among themselves. 
After the foe had been overcome, several 
generations were needed to liquidate the 
right wing, of which Descartes was the leader. 
Only then did the left wing, the familiar suc- 
cession of Galileo, Boyle, Newton, and Watt, 
have the chance to accomplish its mission. 

To be more specific : struggling to dislodge 
the expositors of Aristotle were, on the one 
hand, men later known in the history of 
ideas as the empiricists, from the Greek 
l/i7r€tpla, meaning ^‘experience,” and ulti- 
mately from x€t/>a, a “trial,” suggesting 
that knowledge is the fruit of trial and error 
in the handling of the familiar things of 
everyday life. This technique, among specu- 
lators about the sources and limits of knowl- 
edge, eventually became refined so that the 
scientists themselves who used it would not 
265 
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have recognized it. In its cruder form, how- 
ever, in which it has been wielded for ages 
by artisans and engmeers, and by the most 
inventive of the early modern experimenters, 
Galileo, it was practical and it acted as a 
bombshell in the camp of the Aristotelians. 

On the other hand, there were the de- 
fenders of the new rationalism (from ratio, 
“reason”) of whom Descartes was the in- 
spiring genius. The word “new” is used 
significantly because the Aristotelians, en- 
trenched in the churches and colleges, what- 
ever may have been their failings, were 
themselves defenders of reason. To them, 
indeed, empiricist and new rationalist alike 
owed the ideal of consistency. But the scho- 
lastic mind had become cluttered with end- 
less hair-splitting and with a slavish clinging 
to the letter rather than to the spirit of 
Aristotle’s texts, so that Aristotelianism, for 
the time at least, had outlived its usefulness. 

It is little short of astonishing how the 
champions of Descartes, illustrious and le- 
gion for more than a century, have been for- 
gotten. One suspects that few of the fol- 
lowing names will be familiar. There were 
physicians like Regius (Henry de Roy or Le 
Roy), at Utrecht, who after 1639 became 
Descartes’ foremost representative in Hol- 
land, the first country to receive hospitably 
the new philosophy ; Louis De La Forge, pro- 
fessor at the university of the French Protes- 
tants at Saumer, though himself a Catholic; 
and the Neopolitan Giovanni Alfonso Borelli 
(1608-1679), the most gifted of the Car- 
tesian physicians and physiologists in Italy. 
There were also many physicists. The names 
of a dozen could be gleaned from a history 
of Cartesianism. Least unfamiliar will be 
Jacques Rohault (1620-1675), translations 
of whose work were used at Cambridge until 
the books of Newton made them obsolete ; and 
Cardinal Gerdil (1718-1802) whose treatise 
was one of the last and ablest of the defenses 
of the Cartesian physics. 

Descartes was not neglected even by the 
poels. Expositions of the new system were 
written in verse by Abbe Genest (1639-1709) 
and by Benedetto Stay (1714r-1801), Latin 
poet, bom at Ra^usa, who become secretary 
to three Popes. But the master influenced 
literature in a subtler way. His Discourse 
on Mothod was the first philosophical work 


to reveal the clarity and precision of the 
French vernacular. French literature of the 
classical period, under the spell of Descartes, 
became concerned with exhibiting the excel- 
lence of reason in human conduct, in contrast 
with the emotions. 

The prestige of Cartesianism affected the 
law. There was Henri Francois Daguesseau 
(1668-1751), Chancellor of France, who was 
so zealous a French patriot that he refused 
to license the publications of the Newtonians. 
In the eighteenth century, indeed, it grew to 
be a matter of patriotic duty as well as philo- 
sophic truth that loyal Frenchmen should 
champion Cartesian rationalism at the ex- 
pense of British empiricism. One suspects 
that patriotic fervor sometimes was the 
stronger motive. An achievement of Vol- 
taire, showing his extraordinary open- 
mindedness, was that he dared defend New- 
ton in France. 

Indeed, the Cartesians, although at first 
they suffered persecution at the hands of the 
conservative Aristotelians, whether Catholic 
or Protestant, ended by becoming powerful 
in science, philosophy, literature, law, the- 
ology, and education. Seldom in modern 
times, unless one considers the wide cultural 
influence of Darwinian evolution, Marxism, 
and the Freudian psychology, has an intel- 
lectual movement pervaded so many depart- 
ments of life. The wonder is that its power 
fell as rapidly as it did before the attacks 
of the empiricists. 

With these preliminary remarks we are 
ready to look at the Cartesian method. In 
order to understand the Cartesian method 
it is important to remember that Descartes 
was above all a mathematician. Applying 
algebraic means to geometrical analysis he 
systematized what we now call Analytic 
Geometry. It was really the method he used 
in these studies that he tried to generalize 
into a method for all scientific inquiry. 

Since the Cartesian procedure grew out of 
mathematical study, the scientists who fa- 
vored him were armchair thinkers rather 
than mechanics. They needed no other 
equipment than a quiU, a ream of paper, and 
some ink to unravel from their minds any 
amount of closely knit reasoning. 

The four rules of method which the master 
gave in his Discourse at first glance seem 
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trivial. The basic one concerns the criterion 
for selection of the ideas which we should 
hold: 

Not to accept anything for tnie which I did not 
clearly know to be such; that is to say, carefully to 
avoid precipitancy and prejudice, and to comprise 
nothing more in my judgment than what was pre- 
sented to my mind so clearly and distinctly as to 
exclude all ground for doubt. 

We slioiLld accept only ideas that are obvi- 
ously true. This rule in a laboratory would 
be inane. The laboratory assistant is not 
concerned with what he knows, but with the 
precision of his instruments and the accu- 
racy of his recordings. The advice does, 
however, pierce to the point for the sheer 
thinker who is marshalling axioms and defi- 
nitions to prove a geometrical theorem. 

The remaining rules also are the report of 
technique by a case-hardened mathematician. 
His advice concerns analysis of a theorem to 
be proved into its parts, order of steps in 
proof, and exhaustiveness : 

To divide each of the difficulties under examination 
into as many parts as possible and as might be neces- 
sary for its adequate solution. ... To conduct my 
thoughts in such order that, by commencing with 
objects the simplest and easiest to know, I might 
ascend by little and little, and, as it were, step by 
step, to the knowledge of the more complex; assign- 
ing in thought a certain order even to those objects 
which in their own nature do not stand in a relation 
of antecedence and sequence. ... In every case to 
make enumerations so complete, and reviews so gen- 
eral, that I might be assured that nothing was 
omitted. 

A mathematical student will be aware that 
these rules involve an important factor not 
explicitly mentioned. This is the use of in- 
tuition (^‘clear and distinct ideas”)- 
the end one depends upon intuition for the 
discovery and choice of axioms, for the 
shrewd breaking-up of the problem into 
parts, and for the efficient and solution- 
conducive order in steps of proof. There are 
no rules for guiding intuition. Practice 
helps, but if one does not have happy in- 
tuitions one will be inept even at mathe- 
matics of high-school grade. 

Intuition is the key word of the Cartesian 
method. If Descartes and his followers had 
confined their clear and distinct ideas” to 
mathematics, the struggle between the right 
and left wings of the scientific party would 
never have occurred. But Descartes had 


other intuitions. Sitting in his armchair he 
became aware of the essence of matter: 
Matter = extension. This proposition ap- 
peared to him with all the certainty of the 
proposition that the straight line is the 
shortest distance between two points. He 
toyed with his intuition of matter, passing on 
to other clear and distinct ideas.” A 
vacuum is an impossibility. If matter = ex- 
tension, an extension which is not matter is 
absurd in the same utter way as a plane 
area bounded by three sides which is not a 
triangle. An atom (in the classical sense of 
least reducible particle) is an impossibility, 
because extension is precisely that sort of 
thing which can be halved indefinitely. 

Conceiving of motion as a push applied to 
matter at the Creation, Descartes developed 
his Theory of Vortices or whirlpools in mat- 
ter. By this conception, analogous perhaps 
to some forms of the modern electron theory, 
he tried to explain all physical phenomena : 
the motions and genesis of the heavenly 
bodies, the nature and transmission of light, 
weight, physiological and biological proc- 
esses, and the existence of apparently discrete 
bodies like stones, blades of grass, the sun, 
comets, and planets. The Theory of Vortices, 
in short, played the same role in his natural 
philosophy as the atomic theory has in others. 

An additional intuition about motion 
was that, since the primal ‘‘push,” it has 
been constant. Transfers take place, but no 
motion has ever gone out of existence and 
none ever has or will come in. This is the 
Principle of the Conservation of Movement, 

In this process of moving from one clear 
and distinct idea to another, Descartes de- 
vised his own laws of motion which stand in 
curious contrast to those of Newton. The 
Frenchman’s primary laws of motion were: 

I, each thing perseveres in its state until a 
new cause supervenes which destroys it; 

II, no particle of matter ever tends to con- 
tinue its motion in a curved line, but instead 
in a straight line ; III, a body in motion which 
encounters another loses its determination, 
but not its movement. His seven secondary 
laws concern communication of motion, and 
are in error. Descartes made it impossible, 
finally, for his followers to adopt the popular 
conception of Newton’s gravitation, accord- 
ing to which it is an occult force traversing 
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empty space. In the Cartesian world motion 
is transmitted only by eontignons bodies, so 
that force playing upon objects at a distance 
is unthinkable. 

The first reaction one has to this array of 
speculation is a lively impression of its au- 
thor ’s genius. Descartes was the creator of 
a technique in thinking by which he was able 
to give the world a new branch of mathe- 
matics, a new physics, a new cosmology, and 
a new physiology. But how successful was 
the Cartesian method? How much of this 
new science is true? Here praise must be 
qualified. The mathematical contribution 
was sound and was a preliminary to the in- 
vention of the Calculus by Newton and Leib- 
niz. The general intuitions, moreover, were 
fruitful : that matter is of one kind through- 
out the universe; that there are laws of na- 
ture according to which all motions take 
place; and that all physical happenings, in- 
cluding physiological and biological proc- 
esses, are explainable in terms of matter in 
motion. These constituted a platform shared 
by Galileo and his partisans as well as by the 
Cartesians, and for three centuries the in- 
sists have proved of indispensable worth 
to scientific enterprise. But when we come 
to evaluate the specific contributions of the 
Cartesians to science, we must admit that 
aside from Analytic Geometry, the Prin- 
eiple of the Conservation of Movement, and 
tiie insight that air has weight, there were 
perhaps none — ^nothing to compare with the 
host q£ laws discovered by Galileo, Boyle, 
Kepier, and Newton, and no specific inven- 
tion to revolutionize Industry like the steam 
ensgiua of Watt 

Wiy' did Ihe Cartesian method failf It 
in mathematics- Why should it not 
worked in the other sciences! 
We sflJl have enough of the Cartesian left 
in us to imagine proudly that the universe 
|| amtmgcd aiecordhog to our fuathematical 


ideas, and that if we conld grasp the true 
axioms and other basic concepts, we conld 
unravel the laws of nature without having 
recourse to experiment and observation. 
Galileo himself had some of this bravado; 
he liked to boast occasionally that he used 
experiment to prove to those less wise than 
he what he already knew. But the unfor- 
tunate fact remains that we are never quite 
certain whether our mathematical reasoning 
holds true of nature; whether our axioms 
are true; or whether our definitions are 
not conventions of language rather than 
statements about things. Indeed, we are 
not even certain that the universe is wholly 
rational, that is, open in its uttermost depths 
to the pure reasoning powers of us puny 
mortals. This uncertainty infecting our 
minds when we reason about things not 
created by our reasoning is one of the causes 
for the failure of the Cartesian method. 

The question of the inadequacy of the high 
a priori road in science is too difScult to be 
disposed of here. History will bear us out 
if we restrict ourselves to the modest asser- 
tion that the technique of pure mathematics 
is not enough when the thinker seeks to de- 
code the laws of physics, chemistry, physi- 
ology, or of any other science treating of 
things in the physical world and presumably 
independent of our personal reasoning hab- 
its. The thinker must quit his armchair and 
go into the laboratory where there are vernier 
scales, clocks, lenses, and other instruments 
to refine and augment the powers of the 
smses. There he must ignore, as much as 
possible, what his reason teUs him ought to 
be, and allow his judgment to he molded by 
facts largely alien and uncontrollable. Like 
Gtelileo he must study ihings in the same way 
as does the carpenter or plumber. His work- 
diop has little in common with the snow- 
bound hut where Descartes had his vision of 
tile basis of true science. 



THE GIANT FRESHWATER PERCH OF AFRICA 

By E. W. GUDGER 


Africa, that dark eontinent of great lakes 
and mighty rivers, lying under the tropic 
sun, has many ichthyological rarities. Like 
its neighbor across the Atlantic, it is a eon- 
tinent of catfishes. Boulenger, the great 
authority on African fehes, states that there 
are about two hundred species of Silui'oid 
fishes in its waters. So far as I know, no one 
has estimated the number of species of these 
fishes in South American rivers. But as I 
have shown elsewhere, there are surely three 
and possibly thirteen kinds of giant catfishes 
in these rivers. On the other hand, Africa, 
with physical conditions very much the same, 
might be expected to produce a whole flock 
of great Siluroids; but for some unknown 
reason, it has not produced even one catfish 
worthy of mention because of its size. 

Indeed, Africa ’s only giant freshwater fish 
is a pereoid, Lates niloiicus, the Nile perch. 
However, it is literally a giant perch, reach- 
ing a length of six feet. Its distribution is 


a curious one. Although found throughout 
the Nile from Lake Albert to its mouths, the 
Nile perch is not peculiar to the Nile, but is 
found also in the large western-flowing rivers 
— ^the Senegal, Niger, and Congo. For some 
unknown i*eason, it is absent from the Zam- 
besi and other South African rivers. As we 
shall see, it has long been known in the 
Bg 3 "ptian Nile and its portrait was painted 
in remote antiquity-. 

The Nile perch is not only the largest 
freshwater fish in Africa, but also the largest 
freshwater pereoid in the world. Large 
specimens run ordinarily to 4 or feet in 
length. At the Sports Club in London there 
was recently a preserved (mounted?) speci- 
men of a Lates whose weight was given 
as 253 pounds. It was said to have been 
caught in Lake No, at the junction of the 
Bahr el Ghazal with the Bahr el Jebel or Nile 
proper. Another from Lake No is said to 
have weighed 280 pounds. Lortet and Gail- 



After Boulenger, 1907 

RIG. 1. THE NILE PERCH {LATES NILOTICTIS) 

'THE liAEGEST FRESHWATER FISH OF AFRICA AUm IiAROEST FRESHWATER PERCOID IN THE ENTIRE WORLD. 
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lard {Archives Museum cV Histoire Naturelle 
de Lyon, 1903, Vol 8, pp. 185-190) measured 
one 71 inches long, and state that they had 
seen caught at Assnan several individuals 
over two meters long — probably more than 80 
inches overall ’ but they do not say that they 
actually measured these specimens. At the 
time of the publication of his book, The 
Fishes of the Nile (1907), Boulenger gives as 
the attested record Lates known to him, one 
taken a few miles up the Sobat Eiver, the 
most southern Nile tributary from Abyssinia, 


worshipped as a divinity of the first rank, 
and for this reason, in Graeco-Koman times 
the town was called Latopolis — ^the city of 
the Lates fish. 

At Esneh, Lates mummies have been found 
in great numbers buried at shallow depths 
in a sandy plain near the town. Examina- 
tion of these mummies showed that the large 
specimens had each had an abdominal in- 
cision made to permit easy entrance of the 
mummifying solution Then each fish had 
evidently been subjected to prolonged im- 



EIG. 2. MUMMIFIED SACRED FISH, LATES, EXTERNAL TIEW 


FEOM ESNEH, UPPER EGYPT. SHOWING LINEN SWATHINGS AND LASHING CORDS THAT FORM THE MUMMY CASE. 


in about 9° N. Lat. This great perch was 73 
inches in length, 55 inches in girth, and 
weighed 266| pounds. 

Little is known about the natural history 
of this splendid fish, which is beautifully por- 
trayed in Boulenger drawing (Pig. 1). 
Efforts made at Cairo to keep large speci- 
mens in the Aquarium were not successful; 
they fed ordinarily on live fish but lived only 
a few days or at most a few weeks. However, 
some young specimens thrived and grew rap- 
idly, often at the expense of their smaller and 
weaker brethren who mysteriously disap- 
peared — evidently down the gullets of their 
stronger cannibalistic fellows. The word 
Lates is derived from the Greek word latos, 
the name for a perch-like fish of the Nile, 
and is now restricted to this particular form. 

The ancient Egyptians were animal wor- 
shippers and it is interesting to note that 
th^ did not overlook the superb fish which 
we know as Lates niloticus. It was much 
venerated by them and its mummified re- 
mains, scattered throughout the valley of the 
Nile, are very numerous. There was a spe- 
ciai eult of Lat^* at l&neh on the Nile in 
IJpp-a? (liat. ^.4^ N,), where it was 


mersion in a strong brine from one of the 
Egyptian natron lakes, but there was no evi- 
dence of the use of asphalt or bitumen. 
(This was ascertained by making a chemical 
analysis of the flesh of the fish and of the 
wrappings.) Next the fish was swathed in 
linen cloths, and these were secured by many 
circumferential windings of cord. These in 
turn were held in place by a longitudinal 
cord (Pig. 2). The curing in pickle may 
have been done after the fish had been 
wrapped. Finally, the mummified fish were 
buried in the dry sand. 

Thus prepared and buried, these mummies 
in the dry air and dry sand of Upper Egypt 
have ^‘kept’^ perfectly and when exhumed 
after twenty-five centuries are found, accord- 
ing to Lortet and Gaillard, to possess almost 
as much animal matter as dried codfish in 
our markets. Figure 3 shows what was 
found when the wrappings (seen in Pig. 2) 
were removed, and when the dried salty slime 
in which the fish had been picMed had been 
wiped off with a damp cloth. This fish has 
been marveloudy preserved. Note not only 
the splendid form of the body, but the won- 
derfully preserved scales and lateral line, the 
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fin-rays, and membranes. Most notable of 
all is the fact that even the very eyeball is 
intact. Many such finely preserved speci- 
mens were about five feet long. 

There is a large animal cemetery at Gurob 
on the border of the district of the Fayum 
on the west bank of the Nile about sixty 
miles south of Cairo. Fifty burial pits here 
were exhumed by L. Loat and reported on 
in 1904 {Egyptmn Research Accounts, X, p. 


3). From these pits, Loat obtained remains 
of scores of Lates. Unlike the Lates at 
Esneh, these \vere not mummified, but were 
sometimes wrapped in bundles of grass, or 
covered with ashes obtained by burning the 
grass. Various animals were buried here but 
the Lates’ remains predominate. Over and 
over Loat notes ‘‘no preservative.” The fish 
were wrapped in grass, partially covered 
with ashes, or laid down as caught. Not 



From Fhndei^s Petne^ pi. XU, 189S 


FIG. 4. A NILE PERCH CARRIED ON THE HANDLE OP A BOAT PADDLE 

WBXm. A PAINTING ON THE SOUTH WAIaL OP THE TOMB OP THE PRIEST, RAHOTEP, AT MEDUM IN LOwisa EGYPT. 
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being mummified, the flesh has gone, leaving 
only the loose bones, or sometimes rather 
complete skeletons, as Loat^s photographs 
show. In the photographs, sometimes the 
outline of the fish’s body shows quite plainly. 
Study of these remains of large fish showed 
that the abdomen of one had been opened 
(the vital organs probably removed) and the 
cavity filled with ashes, while the mouth and 
gill openings of another large specimen had 
been filled with ashes This looks as if some 
attempt had been made to use ashes as a 
help in preservation, but Loat repeatedly 
notes ‘‘no preservatives” — such as was used 
on the Esneh fish. Desiccation and slow oxi- 
dation have left nothing but the hard parts. 
The rough outline of the body in some cases 
(as shown in Loafs photographs) is prob- 
ably due to the scales on the under side of 
the body remaining somewhat intact. Thus 
one fish, it is said, measured “5 feet 6 inches 
long, and nearly 2 feet in depth.” 

These remains of Lates ranged from small 
to large, Loat repeatedly speaks of large 
specimens, and for the better preserved fish 
gives measurements: 5 feetj 5 feet and 2 
inches; 5 feet 6 inches (2 specimens, one 
“nearly 2 ft. deep”) ; and last of all, “one 
large fish, nearly 6 ft long.” From this 
one must not conclude that Lates grew larger 
in olden days, but that the fishery then was 
probably less efiScient than today and the 
fish had a better chance to attain full growth. 

It is interesting to note that in contrast 
to burial pits for oxen and goats at Gurob, 
the pits for fishes were more carefully dug, 
and in many cases only a single fish was 
found in each pit. If two or more fish were 
buried together, a certain order was ob- 
served; either they were laid side by side, 
or head to tail, or placed in layers, and in no 
case was any other fish or animal species 
found with Lates. These things indicate the 
great reverence in which the fish was held. 

Paintings of Lates are found on the walls 
of various tombs in Egypt, particularly on 
those of Medum, which is on the left bank 
of the Nile between the river and the Payum, 
about fifteen mil^ north of Gurob. On the 
south waE of the mastaba . (or tomb) of 



Figs. x2 from Russenget^s Reisen, 18^6 
FIG. 5. GEEEK COINS OF LATOPOLIS 


ANCIENT COINS SAID TO PORTRAY THE NILE PERCH. 


Eahotep, high priest of Heliopolis (the city 
of the Sun), is an easily recognizable repre- 
sentation of the Nile Perch (Fig. 4). Here 
a large specimen of Lates (apparently about 
5 feet long) is carried on the long handle of 
a paddle supported on the shoulders of two 
men. This figure closely resembles the one 
drawn for Boiilenger. Even seven of the 
nine dorsal spines are shown, the eighth and 
ninth being so incorporated in the soft dorsal 
fin as to be easily passed over. According to 
an Egyptologist, the Medum Lates was 
painted about 2780 b.c. ; thus it is probably 
the oldest figure of a fish of historic times. 

But the Egyptians were not content with 
portraying the fish in a painting. Boulenger 
writes that in 1899 he was shown . a 
bronze model, 115 millimeters long, which at 
once suggested to me a young Lates nilottcus. 
This model contained a mummy of a small 
fish, the loose bones of which I have been able 
to examine and to identify as those of a 
young Lates.” 

Boulenger states that, on certain ancient 
Greek coins of Latopolis, there are represen- 
tations of a fish which he and Russeger rec- 
ognize as Lates (Fig. 5). It is noted by Rns- 
seger, from whom the figures of the coins are 
copied, that on the reverse side of each coin 
is found an effigy of Hadrian, the Roman 
emperor whose reign covered the years a.d. 
117-138. This establishes the fact that these 
coins were minted more than 1800 years ago. 
However, a mere glance shows that the artist, 
who cut the figure of the fish on the dies from 
which the coins were struck, was not in the 
same class with the painter who depicted 
Lates on the wall uf the tomb of Rahotep at 
Medum, thousands of years earlier. 
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By PHILIP 

When one passes a liigh voltage substation 
where electric power lines meet in a forest 
of steel towers and insulators, one may see a 
large steel cylinder with rounded heads. 
Such a cylinder is probably the housing of 
a hydrogen-cooled synchronous condenser — 
a high speed generator of reactive electric 
power, rotating in a sealed tank of ninety- 
seven percent pure hydrogen (Fig. 1). 

The first of these machines went into ser- 
vice in Pawtucket, Khode Island, in 1928, 
but for seven years before that time they had 
been under development, and during the 
fifteen years that have followed, their use has 
continued to increase. Now they have be- 
come an important factor in meeting the war 
demands for electric power that have threat- 
ened to exceed the country’s capacity to 
meet. 

It would be difiScult to find a better exam- 
ple than the hydrogen-cooled generator of 
the birth of an idea in the atmosphere of 
pure science and its systematic and persis- 
tent development by cooperative effort into a 
reality of great practical importance. In 
1921, Dr. Willis E. Whitney, Director of the 
Kesearch Laboratory of the General Electric 
Company, wrote a note (Pig. 2) to one of his 
young research assistants, Chester W. Kice. 
That note started a long train of events, the 
consequences of which are not yet fully 
developed. Two results are that more elec- 
tric energy than was thought possible is 
being produced from given amounts of cop- 
per, steel, and other critical materials in the 
generating equipment on the one hand, and 
from given amounts of coal or oil fuel on 
the other hand. It has resulted in the sav- 
ing of not less than one hundred and fifty 
thousand tons of coal during 1943 in the 
production of electric power in the United 
States. Since this saving will continue and 
greatly increase, it will postpone the time 
when our coal mines will be exhausted. 

Dr. Whitney’s question arose because as 
larger and higher speed generators were 
made, the heat dissipation and power loss 
associated with churning up such a heavy 
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ventilating medium as air were becoming 
serious. But the idea of using a lighter gas 
did not solve anything— it merely opened up 
a whole series of other questions, such as : 

What properties of a gas would be best for 
cooling electric generators? 

What gas provides the best compromise 
between windage losses and cooling? 

What will be the effects of this gas on elec- 
trical insulation f 

Is a gas-tight enclosure, including shaft 
sealing, practicable for turbine driven gen- 
erators ? 

How about explosion risks if hydrogen is 
used? 

What about filling and emptying pro- 
cedures, operating controls, and the auxiliary 
equipment required? 

Will the benefits justify the increased 
production costs, not to mention the cost of 
development ? 

Before a practicable result could be an- 
ticipated, it was evidently necessary to an- 
swer these questions, and a lot more that 
would certainly be uncovered later. Chester 
Rice started, therefore, by making an inten- 
sive investigation of the free and forced con- 
vection cooling properties of gases. Early 
in this study he found that gas viscosity is 
a factor of the first importance in heat trans- 
fer properties, and he was thus led to build 
on Langmuir’s stagnant film theory, which 
reduced the hopelessly complex convection 
problem to one of heat conduction in the 
steady state. Langmuir’s oarlier applica- 
tion of the laws of conduction, radiation, and 
convection, derived from his film theory, en- 
abled bim to more than double the efiiciency 
of the incandescent lamp. Rice extended 
these laws by the method of dimensions to 
cover the analysis of the cooling of rotating 
machines, and he conducted a great number 
of experiments on numerous liquids and 
gases to determine practicable working for- 
mulas. He found that hydrogen, with seven 
-percent of the density of air, has seven times 
as much heat conductivity, fourteen and five- 
tenths times as great specific heat, and a 

73 




FIG. 1. OUTDOOR SUBSTATION 

WITH HYDROGEN-COOLED SYNCHRONOUS CONDENSER, 30,000 KVA, 11,500 VOLTS, 60 CYCLES, TYPE TSC-GL. 


thirty percent greater coefficient of surface 
heat convection, making it clearly superior 
to all other gases for minimizing both the 
cooling and windage losses. 

His results were presented before the 
American Institute of Electrical Engineers 
and published in a fifty-page paper in the 
Transactions for 1923. The interest of engi- 
neers being thus aroused, a 6,250 kilovolt- 
ampere turbine generator was built, and 
was run in hydrogen for extended periods. 
This work showed that hydrogen gave the 
anticipated results so far as cooling and 
windage losses were concerned, proving that 
roughly twenty to twenty-five percent 
greater electrical output could safely be 
obtained from a machine of given dimensions 
if operated in hydrogen instead of air. This 
opened up a new train of development, as it 
suggested that steam turbine driven genera- 
tors of 25,000 kilowatts and larger could be 
built to run at 3,600 instead of 1,800 revolu- 
tions per minute. Such an increase in speed 
would make possible large increases in steam 
turbine efficiency. 

V JIuinerpsiS .measurwi^ente were made of 


temperature rise and windage losses under 
different conditions; and twenty-five explo- 
sions were set off in the generator with dif- 
ferent mixtures of air and hydrogen. On 
the basis of heat content, ignition of the most 
explosive mixture of air and hydrogen 
(about five parts of air and two of hydrogen) 
should develop a pressure of about one hun- 
dred and eighty pounds per square inch. 
The tests showed, in fact, that explosion 
risks could be discounted because the maxi- 
mum pressure recorded over the full range 
of mixtures was forty-five pounds per square 
inch However, later tests on a 12,500 kilo- 
volt-ampere synchronous condenser frame, 
before the rotor windings* or coolers were 
installed, developed a maximum instantane- 
ous pressure of eighty-five pounds per 
square inch. Frames are readily designed 
to withstand even these pressures. 

Meanwhile, tests of eight thousand hours’ 
duration were being conducted on electrical 
insulation exposed to high voltages in air 
and hydrogen. These demonstrated that 
corona, due to dielectric stresses exceeding 
the ionization potential of the gas, causes 
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very little damage to organic materials in 
hydrogen, whereas in air rapid deterioration 
occurs. Furthermore, in the absence of oxy- 
gen, the damage due to an electrical failure 
is normally confined to only a few coils, 
whereas with open type air-cooled machines 
a fire may spread with great rapidity and 
damage the entire winding beyond repair. 
These conclusions gave hope for materially 
greater insulation life and reduced mainte- 
nance in hydrogen-cooled machines. 

All these results were reported to the 
American Institute of Electrical Engineers 
in 1925, arousing much discussion and stim- 
ulating others to conduct similar investiga- 
tions. Thus at an early stage in the develop- 
ment of the invention not only the original 
inventor but others were actively at work on 
both theory and experiments. This open 
publication and the discussions of both 
theory and experiment long before any finan- 
cial returns had been received were possible 
only because the inventor was protected by 
a patent under the American patent system. 
In 1923, also, a United States patent was 
issued to Max Schuler on the basis of claims 
filed in 1916 ; this patent was purchased by 
the General Electric Company. 

While the engineers were experimenting 
with a full-sized generator, Eiee made an in- 
genious revolving disc apparatus in a bell 
jar for measuring windage losses in different 
gases. With this apparatus he carried out 
experiments with air, hydrogen, and carbon 
dioxide at different atmospheric pressures. 
These experiments verified the proportional- 
ity of windage losses to gas density and gave 
valuable information on the design of venti- 
lating fans for hydrogen circulation. Bice 
reported these experiments in the May, 1925, 
issue of the General Electric Beview. 

The question of how to prevent hydrogen 
leakage through the bearing clearances on a 
large turbine generator shaft now appeared 
as the limiting feature of design. To pro- 
vide for an adequate thickness of oil film in 
the bearing for both load carrying and cool- 
ing purposes, it is necessary to have a radial 
clearance of the order of one thousandth of 
an inch per inch of diameter without which 
a prohibitive leakage would occur in the 
absence of a seal. Research work during the 
next two years was concentrated on this 


problem, when the inventor developed a 
satisfactory liquid film seal. Vacuum-treated 
oil was pumped into an annular groove in a 
babbitted sealing ring dividing it into two 
streams flowing in opposite directions along 
the shaft, and draining it into two indepen- 
dent detraining tanks. The hydrogen ab- 
sorbed by the oil on one side, and the air 
absorbed on the other side, are partially 
given up in these tanks, and the oil is then 
vacuum-treated to remove the remaining air 
and hydrogen, cooled and pumped to the 
seals. Many variations from this seal have 
since been developed, but in general the basic 
liquid film features have been retained. 
This work was also published by Rice in the 
General Electric Review (Nov. 1927). 

Further consideration of shaft sealing aux- 
iliary equipment, coupled with some practi- 
cal doubts concerning explosion risks in 
large power stations, deflected the engineers 
during the next few years to the study of 
synchronous condensers. Since these ma- 
chines are operated as idling synchronous 
motors, neither driving nor being driven, 
they do not require any shaft seals. Further, 
they are usually located at outlying substa- 
tions where any explosion damage would be 
inconsequential. Consequently, effort was 
devoted to frame structures, hydrogen-tight 
welds and gaskets, and new designs to take 
advantage of the better cooling afforded by 
hydrogen. It was then found that the her- 
metically sealed frame designs were ideally 
adapted to outdoor operation, with conse- 
quent saving in building expense and re- 
duced explosion risks. At last two hydrogen 
cooled condensers, of 12,500 and 20,000 kilo- 
volt-amperes rating, were ordered in 1927 
and were put into operation in June and 
December, 1928. 

This advance was reported to the Ameri- 
can Institute of Electrical Engineers by R. 
W. Wiesqman in 1929. In the next few 
years, large numbers of these machines were 
installed, the total kilovolt-ampere capacity 
in service reaching 161,000 on the American 
Gas and Electric Company system alone by 
1939, and the total of all those shipped by 
General Electric reaching 593,000 kilovolt- 
amperes in 1943. Reduced windage losses in 
these machines are believed to save annually 
the equivalent of 25,000 tons of coal. 
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A 24,000 volt synchronous condenser has 
been operating in hydrogen smce 1931 with- 
out any insulation difficulty. Since both oil 
and insulation remain fresh and clean in the 
hydrogen atmosphere, routine inspections of 
these machines are usually made at only dve- 
year intervals, the hydrogen seals being un- 
broken meanwhile. 

The success of hydrogen cooling for con- 
densers led to renewed studies of generator 
designs and shaft seals, but the onset of the 
economic depression delayed actual construc- 
tion until 1936. The first commercially 
operated hydrogen-cooled turbine generator, 
of 25,000 kilowatt rating and 3,600 revolu- 
tions per minute, went into service at Millers 
Ford Station in Dayton, Ohio, in October, 

1937, as reported in the May 7, 1938, issue 
of the Electrical World. A general report 
on the operation of four of the earliest hydro- 
gen-cooled generators was made by E. H, 
Freiburghouse and D. S. Snell in August, 

1938, after the latter had spent several very 
arduous weeks in putting the pioneer in- 
stallation into shape for operation. The 
curve in Figure 3 shows the rapid increase 
in shipments of these generators since that 
time, reaching a cumulative total for the 
General Electric Company alone of 3,878,000 
kilovolt-amperes by the end of 1942, 

By inspection of Figures 4 and 5, some 
realization of the technical problems in- 
volved in this development can be gained. 
The body of the 60,000 kilowatt generator 
rotor in Figure 4 is a one-piece alloy steel 
forging some thirty-six inches in diameter 
and thirty tons in weight that has been put 
through a carefully controlled heat treating 
cycle of several hundred hours duration. It 
is slotted to receive a two-pole field winding 
of strap copper or aluminum, whose ends are 
held in place by high-strength alloy steel 
retaining rings. The peripheral velocity of 
the rotor surface is of the order of si:^ miles 
per minute, and the kinetic energy of the 
entire mass, when revolving at normal speed 
of 3,600 revolutions per minute, is some 
sixty-five thousand foot tons, or fifty kilo- 
watt hours. The pressure developed by the 
rotor fans is roughly equivalent to twenty 
inches of water for air or two inches for 
hydrogen, and the windage and fan losses are 
about 900 kilowatts for air and 90 for 


hydrogen. To reduce these losses, it is usual 
to use external fans for the large air-cooled 
machines. The total losses exclusive of wind- 
age are about 550 kilowatts, so that the use 
of hydrogen raises the generator efficienc 3 ^ 
from 97.5 to 98.7 percent. Figure 6 shows 

TABLE 1 

Cumulative Saving op Coal por General 
Electric Generators 


Year 

j Cumulative total 

1 equipment slnpped 

Cumulative saving 
of coal 


I KTA 

Tons 

1937 

! 258,000 

0 

1938 

! 730,000 

8,000 

1939 

; 1,067,000 

30,000 

1940 

j 2,061,000 

62,000 

1941 

2,737,000 

124,000 

1942 

; 3,878,000 

206,000 

1943 


322,000 


the outline dimensions of two 50,000 kilovolt- 
ampere generators, one designed for air and 
the other for hydrogen cooling. 

In designing large generators making 
3.600 revolutions per minute, it has been 
found desirable in many eases to use alu- 
minum field windings, the light weight of 
the aluminum more than making up for its 
poorer electrical conductivity-. In this waj"", 
larger rotor diameters are permissible with- 

CUMULATIVE 

TOTAL KVA 



FIG. 3. HYDROGEN-COOLED GENERATORS 

CURVE SHOWING SHIPMENTS OP GENERAL ELECTRIC CO. 
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FIG. 4. WOUND REVOLVING FIELD FOR SYNCHRONOUS A-G TURBINE GENERATOR 
81,250 KVA, 3600 rpm, 13,800 volts, 60 cycles, type atb-ht, 2 pole, oblique view from front end. 


out exceeding the allowable centrifugal 
stresses. Hydrogen cooling is singularly 
well adapted for use with these larger rotors, 
since it obviates the serious disadvantage of 
very high windage losses, which would occur 
in air. Table 1 shows the cumulative saving 
of coal for General Electric generators 
alone. 

These savings have been conservatively 
estimated on the basis of an improvement in 
generator efficiency equal to one percent of 
the kilow^att rating at all times that the unit 
is in operation. The saving is, of course, two 
percent of the output during half-load opera- 
tion, or four percent at one-quarter load, 
since it is due to reduced rotation losses. It 
has been assumed that each kilowatt hour 
saving will save one pound of coa], and it 


has been assumed also that these new efficient 
hydrogen-cooled machines would operate 
7,500 hours per year, or eighty-five percent 
of the time. 

Considering machines of other manufac- 
ture and the synchronous condensers also in 
service, the saving in coal this year will ex- 
ceed one hundred and fifty thousand tons, 
and higher values are indicated for all suc- 
ceeding years. 

The ramifications of this hydrogen cooling 
development are very numerous, and many 
of them are of great scientific interest. For 
example, in the oil sealing of the rotating 
shaft questions had to be settled regarding 
the rate of absorption of pure hydrogen and 
air by oil at different viscosities and tem- 
peratures, and the rate of detraining of 



Eia HYDBOGEN-<X)OUBD A-0 TURBINE GENERATOR 

60 CYCLES, rapB ATB-HT. VIEW OF LONGITUDINAL SEMISECTION. 
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these gases from the oil under various 
vacuum conditions. Also, extensive investi- 
gations were required of the properties of 
gas mixtures, ranging from pure helium, 
pure hydrogen, methane, and carbon dioxide 
through various mixtures of these gases with 
one another and with air. Pure helium, 
which has frequently been suggested as a 
substitute for hydrogen, would have a gas 
temperature rise thirty-five percent greater 
than that of the air-cooled machines, for the 
same rate of gas circulation and the same 
losses, the product of specific heat and den- 
sity for helium being seventy-four percent of 
the value for air. While the reduced density 
of helium would reduce the windage losses 
to only fourteen percent of those in air, the 
disadvantage above mentioned and the 
higher cost have prevented its use in any 
machines built to date. Many problems also 
had to be solved m connection with the cir- 
culation of hydrogen through the ventilating 
passages of high speed machines, and the 
development of fans and hydrogen-to-water 
coolers. 

When the first hydrogen-cooled machines 
were built, a major difficulty was hydrogen 
leakage through the welds. The Turner 
20,000 kilovolt-ampere condenser built in 
1928 lost initially 18,480 cubic feet of gas 
weekly, but the Searboro 15,000 kilovolt- 
ampere machine of 1930 lost only 1,000; and 
in 1936, when the Postoria 1,200 revolutions 
per minute, 30,000 kilovolt-ampere condenser 
was installed, its leakage was only twelve 
cubic feet per week. This latest machine was 
designed for operation in hydrogen at twice 
atmospheric pressure at twenty percent 
above its normal hydrogen-cooled rating. 

The leakage from the largest present-day 
hydrogen-cooled generators, including seal 
losses, normally only amounts to a dollar a 
day, and only one hundred dollars worth of 
hj'drogen is needed in order to place one of 
them in operation. It thus costs something 
less than five hundred dollars per year to 
supply and maintain the hydrogen atmos- 
phere. For this five hundred dollars there 
is a direct saving of the order of ten thou- 
sand dollars worth of coal for a fifty thou- 
sand kilowatt generator. Today the lower 
limit of economic use of hydrogen as a cool- 
ing medium for steam turbine driven gen- 


erators is about twenty thousand kilowatts, 
but indications are strong that this lower 
limit will be appreciably reduced in the 
years to come. 

A secondary advantage obtained by this 
development is the reduction of noise, as is 
evident when one steps into the latest power 
stations. The windage noise of large high- 
speed air-cooled machinery, as regularly 
built a few years ago, is a steady roar, but 



PIG. 6. COMPARATIVE OUTLINES 

OF AIK-COOLED AND HYDROGEN -COOLED GENERATORS. 


when these machines are redesigned for 
operation with internal coolers and heavy 
steel wrapper plate construction, as for 
hydrogen cooling, they are so quiet that it 
is difficult to tell whether they are running 
or not. 

Summing up this stoi’y, the end result of 
Dr. Whitney’s note is that hydrogen cooling 
has become standard for nearly all large 
steam turbine driven generators in the 
United States. Because of this hydrogen 
atmosphere, they are more efficient than 
similar generators operating in air ; they are 
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smaller in size; they are safer to operate ; and 
they will last longer. The advantages dem- 
onstrated when the first of such generators 
was put in service by the Dayton Power and 
Light Company in October, 1937, -were such 
that only four years later three-fourths of 
the turbine generators rated twenty" thou- 
sand kilowatts and larger were being ordered 
with hydrogen cooling. 

Considering the development as an exam- 
ple of the working of the American system 
of productive enterprise, it is important to 
note that at each step in the development 
the results of tests and calculations were 
reported to the industry and widely pub- 
lished. This brought in critical comments, 
which were helpful in guiding the further 
progress of the work, and stimulated work 
along alternative lines by research men and 
competitors. In the course of the work, 
many different organizations and hundreds 
of individual scientists and engineers partici- 
pated, as recorded in more than fifty articles 
in the technical press. 

In historical perspective, the story of 
hydrogen cooling provides a most interest- 


ing record of the free play of invention, 
publication, discussion, competitive rivalry, 
and commercial leadership that mark the 
American w^ay of industrial progress. 

At each major step in the hydrogen cool- 
ing program, it was necessary to expend 
large sums in advance of any provable re- 
turn, and considerable risks had to be as- 
sumed. By and large, however, these costs 
have been borne by those to whom the finan- 
cial return should ultimately come, while the 
manufacturers and operators who pioneered 
in making and purchasing the first machines 
of this radical new type have each assumed 
the risks that came within their proper 
spheres. As it has turned out, there has 
been no machine out of service because of 
failure directly chargeable to hydrogen cool- 
ing, and the once feared operating risks 
have proved to be negligible. The increased 
investment cost of hydrogen cooling has in 
all cases been paid off by fuel savings after 
a very short period of operation. The sav- 
ings in coal, one of the most important nat- 
ural resources, are cumulative and will 
eventually amount to enormous figures. 
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II. OFF THE BEATEN PATH 


By W. H. HODGE 


The Caribbean islands are all geologically 
young, having arisen from the ocean floor as 
submarine volcanoes during the early Ceno- 
Eoic. As a member of a chain of isles which 
can boast of such ebullient volcanoes as Pelee 
ou Martinique and La Soufriere of St. Lucia, 
it is not surprising that Dominica still shows 
signs of active vulcanism. All her peaks are 
old volcanoes, and a few like Morne an 
Liable still possess wonderfully symmetrical 
cciies, but present-day activity is limited to 
the numerous and widely scattered hot sul- 
fur springs. The most striking of these is 
situated in the region known as the Grande 
Soufriere, an inaccessible basin hemmed in 
by mountainous ridges in the southeastern 
portion of the isle. Like all of Dominica’s 
natural wonders, this Yalley of Desolation — 
a half-day’s trip from the little mountain 


village of Laudat — ^may be reached only by 
a rugged forest footpath kno^vn to few of the 
native woodsmen. For many years the exact 
location of the Grande Soufriere was un- 
known, and even today it is difficult to find 
a Dominican who has ever visited it. 

The first view of the basin is from the 
shrubby summit of the peak known as Morne 
Nicholls, down whose precipitous eastern 
slopes one must slide and slither in order to 
get into the small semicircular amphitheater 
of the valley. Scattered over the valley floor 
are numerous solfataras bubbling noisily and 
emitting steamy sulfuroiis vapors, which con- 
tinue to arise from the hot streams as they 
pour out of these vents and rush easterly out 
of the valley’s mouth. The incessant activ- 
ity of the fumes, wind-blown over the whole 
extent of the valley, has eliminated much of 



THE EOSEAU EIVEE TALLEY LOOKING EAST PEOM MOBNE BEIJCE 

LIME OSCHAEDS IN VALLEY BELOW DISTANT LAKE MOUNTAIN SITUATED HALE ACEOSS THE ISLAND. 
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LOOKING SOUTH OVER THE SUMMIT OF MORNE TROIS PITONS 

FIRST PHOTOGRAPH EVER TAKEN ON THIS SUMMIT. MOSSY FOREST CLOAKS ALL THE RIDGES. 
PAINTER PEAKS IN THE BACKGROUND ARE : GRANDE SOUFRI^3RE HILLS (LEFT) ; MORNE MICOTRIN 
BELOW IN FRONT. PROBABLY 400 INCHES OF RAIN FALLS A YEAR IN THE FOREGROUND BASIN. 


an otherwise aggressive mountain vegetation, 
and almost the only plants existing in the 
vicinity of the fumaroles are tough grasses 
(Ischaemitm) and ereamy-fiowered terres- 
trial bromeliads (Pitcairnia) , while sub- 
merged in the sinter and travertine depos- 
ited by the hot waters grow various colorful 
algae. 

The largest of these springs is the cele- 
brated Boiling Lake,'’ hardly a lake but 
an impressive-looking basin, a hundred or 
more feet across, held in by twenty-five-foot 
walls. The waters, apparently not deep, are 



BOBBAU TAXIiBY WATEKYAIxLB 

BELOW LApDAgr VlMkA0B> KUOGBD TERRAIN AND 

i C AEB WAWISKALLS common. 


in a continuous seething activity, and blan- 
keting clouds of steam and noxious fumes 
(which have killed at least one visitor) hover 
continuously over the surface, making photo- 
graphs almost impossible. Boiling Lake may 
represent either the remains of an old voi- 
canic crater or a collection of large fumaroles 
whose outlet has been dammed by earth 
slides, thus impounding the hot water. In 
January’ 1880 a violent eruption took place 
in this vicinity ; the last volcanic sign was a 
severe earthquake in 1906. 

Laudat village makes a good base eamp^ 
for besides Boiling Lake, Dominica’s only 
other '‘lakes” (as well as the peaks of 
Micotrin and Morne Watt) may also be 
reached from here. Freshwater and Boeri. 
lakes, east of Laudat, are located in old vol- 
canic craters, barely an eighth of a mile 
across; yet these very beautiful mountain 
pools are ranked by provincial islanders 
among the seven wonders of their tiny world. 

It is sometimes hard to realize that 
Dominica was once a thriving Caribbean 
center, politically and strategically a threat 
to the French West Indian aspirations, and 
yet such was the case. Before the American 
Revolution broke out, Roseau, Dominica’s 
capital, was a flourishing free port important 
to traders not only from the other West 
Indian islands but also from England and 
North America. Into this roadstead sailed 
the ships of Drake and Hawkins with cargoes 
of slaves destined for sale to the French and 
Spanish planters as well as to those Ameri- 
can buyers who came from the colonies. 
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FRESHWATER LAKE NEAR LAUDAT VILLAGE 

THIS SMALL TAEN BELOW A MOUNTAIN SUMMIT PROBABLY OCCUPIES AN OLD VOLCANIC CRATER. 



STEAM AND MIST ENSHROUD BOILING LAKE 

THIS SEMIACTIVE CALDRON OCCUPIES LAND IN THE VALLEY OP DESOLATION, AN INACCESSIBLE 
BASIN OP ACTIVE VOLCANIC ACTION SITUATED IN THE SOUTHEAST PART OP DOMINICA ISLAND. 
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CLIFFS ON THE ATLANTIC COAST NEAB CALIBI8HIE 

THE RUGGED, PICTURESQUE WINDWARD COAST OP DOMINICA HAS A HEAVY SURF AND CONSTANT WIND. 


Long a neutral island successively claimed 
by Caribs, England, Prance, and Spain, 
Dominica fell into the hands of the English 
as early as 1759. But it was too much for 
the French to have this threat strategically 
wedged between her important colonies of 
Martinique and Guadeloupe and, almost 
before the alliance between the revolting 
American colonies and Prance was an- 
nounced, the French had seized the island 
by a swift surprise attack from Martinique 
upon Dominica’s southernmost defenses. 
There, atop a hundred-foot-high narrow 
peninsula, now known as Scots Head, was 
located old Port Gachacrou, which today, 
like all the old fortresses, is practically oblit- 
erated. The few soldiers on duty were clev- 
erly duped into intoxication by ill-disposed 
French inhabitants; the touch-holes of the 
cannon were do^ with sand so that when, 
on ih^ naomimg of September 7, 1778, an 
attadkiis^ party under the Marquis de 
Bouille stormed the garrison, they were met 
wife,&e o|®)orition of only a handful of 
A few days later a 



OAEIB CANOES AT SALYBIA 

THESE ARE R-piRT-UP DUGOUTS, CALLED TcunaUy 
USED for all 3>HEP sea PISHING. THEY ARE 
EQtnPlW WITH CRUDE ^UARE SAILS. NETS ATOP 
THE OARS ARE USKD POR SNARING PLYINO-PISH. 
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A CAEIB FAMILY NEAR SALYBIA IN THE CARIB RESERVE 

KISCEGENATION IS EAPIDLY WIPING OUT THE FEW EEAIAINING NATIVE CAEIBS OF THE ISLAND. 


French force marched victoriously into 
Eosean, marking this as the first of a series 
of successes which were later to bring to the 
French king nearly all the smaller isles of 
the Caribbean. Matters were indeed critical, 
for the English in those days considered 
these islands far more important in potential 
wealth than the dissenting North American 
colonies! Little wonder then that Britain 
played all her cards in a final slam that saw 
the armada of De Grasse, newly arrived from 
victory off Yorktown, defeated by Rodney in 
one of the greatest naval engagements of all 
time. Off the north coast of Dominica, near 
the tiny group of islands called The Saintes, 
on April 12, 1782, the fleets of these two great 
naval powers clashed for a victory that de- 
cided once and for all which nation was to 
remain dominant in the West Indies. Since 
that memorable date French power has 
dwindled until today Martinique^ and 
Guadeloupe alone remain as Caribbean 
gravestones of what was once a mighty 
Prench-American empire. Thus ended one 
of a series of fights for which the island has 
long been famous — a warlike heritage handed 


down from the time of Carib ownership — 
when Dominica was not so named but was 
rather known to her savage children by their 
own and far more descriptive name of 
Waitubukuli, which means Scene of Big 
Battles.^’ 

Not to be caught again unprepared, 
Britain started to construct fortifications on 
the northwest coast of Dominica to guard 
the one safe and beautiful roadstead the 
island can boast— near the tiny village of 
Portsmouth on spacious Prince Rupert Bay, 
On the neighboring Cabrits, twin peaks 
guarding the northern harbor shores, slave 
labor reared fortifications which boasted of 
being a second Gibraltar. Today few people 
even know of their presence. The cannon 
and great piles of century-rusted cannon 
balls are still in place, yet all is silent on the 
Cabrits. Wandering up their forested slopes 
one would little realize the military grandeur 
that once existed, so overgrown are the build- 
ings; in fact, one needs a cutlass and a guide 
in order to find these extensive ruins. Sol- 
diers are still present; they ramble off in 
their armor in hordes at one’s 'feet — soldier 
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LOOKING NORTH FROM SYLVANIA HOUSE 

LEFT, MORNE DIABLOTIN, HIGHEST PEAK IN THE LESSER ANTILLES; CENTER, MORNE COURONNE; 
RIGHT, TWIN-PEAKED MORNE GRAND BOIS. ORANGE ORCHARDS APPEAR IN RIGHT FOREGROUND. 


crabs, the ghosts perhaps of human hosts of 
bygone days. And to the shaded parapets, 
long rent asunder by the roots of forest 
trees, now ascend only a stray chameleon 
or gecko. All is silent except for the con- 
stant cooing of doves or the sudden whir of 
wings as a ramier (wild pigeon) is startled 
from the treetops. One even needs to climb 
a tree to view the placid charm of the sweep- 
ing harbor below, sparingly dotted with tiny- 
oared fishing craft or perhaps a few inter- 
island sloops, far cries from the days when, 
it is said, sailing men-o’-war anchored here 
by the hundreds. Morne Diablotin, the 
Lesser Antilles' highest peak, slumbering in 
her perpetual cloud blanket, hovers dreamily 
over the island's past. 

Dominica’s longest road, narrow but 
paved, climbs out of the little village of 
Portsmouth over the eastern divide to the 
windward side of the island to Hatton Gar- 
den estate, about twenty-five miles distant, 
and then peters out in the forests lining the 
vallecf of the Pegoua River, Climb into a 
Ih^minica bus and ride, just for sheer fun, 
tihk roller eoaster road U Marigot I A great 


Tarzan of a good-looking Negro will prob- 
ably be driving, and on the long bare bench 
that is the driver's seat is Uvsually a fair as- 
sortment of the island's good-natured peas- 
antry, mostly laughing women with their 
gurgling babies. The bus, an old Reo, grunts 
and groans on the rises and comes to a 
squealing stop before thatched woodland 
doll-houses. People get on and off, passing 
babies from hand to hand to the front or 
rear of the bus into the arms of the waiting 
parent who has preceded them. Then comes 
the rain, only a passing shower but the bus 
has to stop, for as an air-conditioning aid the 
windshield was long ago removed. In no 
time at all the Atlantic appears ahead with 
her great wind-borne rollers chasing each 
other upon gorgeous tropical strands while 
picturesque Galibishie tries to seek refuge 
beneath her towering coconut palms. How 
cool and refreshing is this windward coast 
fanned as it is by a ceaseless breeze, which, 
combining its strength with that of the 
water, cuts queer pinnacles, stacks and sea 
cliffs out of the resisting shore. Even the 
low coastal vegetation is subdued by the 
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^vind and appears brnslied close against the 
monntamsides. 

Villages south of Marigot on this wind- 
\yard coast can only be reached by rough 
canoe trip or by Carib trail. Following the 
latter on horseback over red, slippery vol- 
canic soil, we slither atop sea cliffs or plunge 
into river-hewn gorges which periodically 
bisect the trail. Amid the wild beauty of 
this lonely coast there exist, scattered 
through the wooded slopes near Salybia and 
Bataka, the lone remnants of the Caribs, that 
old warlike race which Columbus on his sec- 
ond voyage of discovery found peopling the 
Lesser Antilles. In later days, even as 
against their ancient Arawak enemies, these 
Indians descended in hordes upon the in- 
cipient colonies on the neighboring islands 
of Barbuda, Montserrat and Antigua, and 
their ability to be swallowed up by Waitu- 
bukuli’s impenetrable forests caused them 
to repel successfully all punitive expeditions 
sent against them. In his History of the 
Carihhy Islands Davies relates that, *^the 
Caribbeans have tasted of all the nations 
that frequented them, and affirm that the 
French are the most delicate and the Span- 
ish are hardest of digestion.’’ In 1640 a 
raid by them on Antigua resulted in the total 
pillage of that island, while another bar- 
barous attack in 1666 culminated in the cruel 
murder of a former governor whose broiled 
head was carried back in triumph to their 
retreat on the island of great mountains and 
innumerable rivers. Only in 1796 w^as the 
Carib menace finally quelled. 

We sought out a Carib boy to guide us 
through the island’s mountainous backbone 
from Hatton Garden to Eoseau. On this 
walk my opinion of Carib stamina yras raised 
to a higher level, as that of my own reached 
an all-time low. I carried only a camera, but 
our Indian companion, weighted down with 
equipment considered sufficient to keep him 
properly tired, still kept up such a fast pace 
that we had repeatedly to ask him to slow 
down. Following the Hatton Garden Kiver, 
now close to its boulder-chocked stream bed, 
now on a wooded cliff a hundred feet above, 
we gradually left behind the small cultivated 
valley floor. Five miles inland saw us up 
1,500 feet and in deep mountain forest tra- 
versing a trail which sucked us deep into the 



SYLVANIA: MOUNTAIN ESTATE 

OEANGES GROWN ABUNDANTLY HERE ARE SHIPPED 
TO BERMUDA AND THE MARITIME PROVINCES. 


muckiest of muds Now" and then a distant 
roar would announce the swift approach of 
drenching rain — almost the only sound be- 
sides the squish-squash of the mud underfoot, 
or the whine of the guide’s dog as he smelled 
out an agouti or manicou (opossum) in the 
sheltering buttresses at the base of some for- 
est giant. 

Peak after peak was surmounted, and long 
after the sound of the highest rivulet drain- 
ing to the Pegoua River had faded into 
silence, the sound of new^ rivulets ahead an- 
noimeed the passing of the height of land 
and the descent into the drainage system of 
Dominica’s largest w"est-flowing, central 
stream — ^the Layou. Islanders boast of 
thi’ee hundred and sixty-five streams, one for 
each day in the year, and anyone who has 
traveled in the in'^erior forests wall certainly 
authenticate this number. These streams 
are the founts which nourish the clinging 
ferns, the pendant red and yellow heliconias 
of the gorge bottoms, the wealth of epiphytes, 
the gorgeous evergreen plumes of the soft 
bamboo. The incessant torrents are the 
artisans that have carved the island’s rugged 
and precipitous landscape. The myriad 
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SWINGING BRIDGE OVER THE PEGOUA RIVER 

THE LITTLE ISLAND BOASTS OF HAVINO OVER 365 STREAMS, “ONE FOR EACH DAY IN THE YEAR.” 


gorges and breathtaking -waterfalls have 
created the chief obstacles to the encroach- 
ing civilizing attempts of man, and at the 
same time have supplied the inhabitants with 
fresh drinking water and streams free from 
br^ing spots for malarial mosquitoes. The 
swirling waters at times eddy into pools 
which for bathing far surpass the tepid 
Caribbean. 

Astride the central island mass, in the lee 
of the great peak they call Morne Trois 
Pitons, we stumbled upon an estate fittingly 
called Sylvania. Upon the mountain slopes, 
only recently forested, appeared a vision of 
carefully tended orange groves outlined 
against a yellow-green se% of delicately 
scented lemon grass. Ten thousand crates 
a year of “Tradewind” oranges find their 
way to Bermuda and Canada from this 
for^bo-und estate, and indeed, in the tem- 
pering coolness of these mountain heights, 
fte New-England-bom owner has difficulty 
in keeping his fruit down to a marketable 
sm! 

%lvania house has been justly called the 
place Dominica. Proto its thatched 
(to the sound of driving rain on 


the galvanized iron beneath) to its jasmine- 
sweetened verandas it is every bit 'a story- 
book house set on a forest lawn. We spent 
many pleasant days at Sylvania, which is a 
dozen miles above Roseau via the newly sur- 
faced Imperial Road — ^the corkscrew track 
which lifts one bodily from the Caribbean, 
jacks one above the khus-khus bordered lime 
orchards of the Canefield estate into a cli- 
mate that is vigorous, new, and refreshing. 

The rainy season was no time to be climb- 
ing mountains and especially not Trois 
Pitons. Lionel, the woodcutter, had empha- 
sized that. He warned us that we would get 
bogged do-wn in mud up to our knees, that it 
would be foggy enough to cut out all views, 
and cold besides. Despite our best argu- 
ments he could not seem to see the point that 
we had to climb when we could — now— and 
that we were after plants, not views; if he 
could have understood, he would still have 
thought -us crazy. Since Sylvania stood 
nearly at 2,000 feet we were already in mag- 
nificent mountain rainforest which covers 
most of the land lying between 1,500 and 
2,500 feet. (Below 1,500 feet is the low 
xeroph 3 rtic tropical vegetation common to 
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many of the Antilles, while above 2,500 is the 
region of dwarf mossy-forest.) Unlike most 
temperate forests which are homogeneous, 
containing as they do but a small assortment 
of tree species, this tropical rainforest is 
heterogeneous, composed of hmumerable 
species. In such a forest almost every tree 
seems to be different. All are evergreen 
hardwoods, the most prominent of 'which are 
known locally as gommier (Dacryodes), 
chataignier (Sloanea), carapite (Amanoa), 
hois cote (Tapiira), and lois diahle (Li- 
cania). Boles ten feet in diameter are com- 
mon, and many of the trunks of these giants 
are thrust two hundred feet into the air from 
bases that flare like the flying buttresses of 
continental cathedrals. Arboreal foliage is 
so high above one’s head as to defy recogni- 
tion, but from this canopy drop the cord-like 
roots of kaklin (Chisia), a common strang- 
ling arborescent epiphyte. On the trees ap- 
pear numerous vines, such as marcgravias, 
zelle mouche {Carludovica), which lift their 
festooning cables to the sunlight, while lower 
down are aroids and ferns clutching at every 
foothold. Beneath the trees the light is dim 
and ground vegetation is never dense. A 
rubiaceous shrub (Cephaelis), with tiny 



FRAGRANT LEMON GRASS 
GROWN IN LIME ORCHARDS FOR GREEN MANURE. 



A VIEW IN THE MOSSY FOREST 

THE MOUNTAIN FOREST’S IMPENETRABLE GROWTH 
IS COVERED WITH MANY TYPES OF EPIPHYTES. 


white flowers surrounded by waxy blue- 
bracts, is most common living among colonies 
of low ferns, feathery selaginellas, or occa- 
sionally with various rare terrestrial orchids. 
But colorful plants are few and over all is 
just the leaf green of the forest. 

Following a woodcutter’s trail we found 
ourselves in the twilight of this solemn ca- 
thedral setting where the choristers were the 
various thrushes and the mountain whistler 
{sifleur montagne) : a solitaire whose clear 
flute-like notes, combined with the gurgling 
cadenzas of a Dominican wren, offered fitting 
accompaniment to the unusually quiet green 
pageantry spread around us. Here also is 
the home of two rare parrots — “Jacquot,” 
or cicerou, and the Imperial (largest of its 
kind in the world) — ^which commonly fllush 
from the bois diable or pipiri trees on whose 
fruits they are accustomed to gorge. Besides 
this game, woodsmen hunt pigeons (ramier, 
tourferelle^ or perdrix) as well, as 'wild pig, 
agouti, or opossum (manico^i). 

One has to become an acrobat on the up- 
permost grueling slopes of Dominica’s moun- 
tains, for here the constant trade-wind causes 
the forest aspect to change. The tre^ are of 
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CEPHAELIS SWAETZII 

THE FOREST COMMON UNDERSHRUB HAS WHITE 
FLOWERS SURROUNDED BY WAXY BLUE-BRACTS. 


different species and are dwarfed, twisted, 
and massed in impenetrable and grotesque 
fashion upon the steeply pitching slopes in 
such a way that one can only make progress 
by^ clambering hand over hand through the 
appressed, dripping, wind-blown treetops 
Rain here, except on rare occasions, is almost 
incessant, with the result that mosses are 
everywhere, covering the limbs like cushions 
and spilling out water at every touch ; their 
presence in such numbers gives to this upper 
region the name mossy-forest. Great brome- 
liads are astride every tree, while delicate 
threads link the dainty fronds of the many 
elfin filmy ferns. Only in very restricted 
areas is this low forest absent, and here the 
rocks are covered with bromeliads, mosses, 
creeping lycopodiums and a beautiful purple- 
flowered dwarf shrub (Tibouchina) . We 
soon learned why Lionel had so quailed at 
coming. He sat, while we collected at the 
summit, a shivering example of dejection. 
To us it was not cold, perhaps sixty to sixty- 
five degirecs, y^t on that misty, cloud- 
^rouded summit he was probably experiene- 
&e eoldest weather of hi^ Maud life 1 To 
mmmt of mc^t of I>ominica^s 


loeaks one has earefull>^ to follow the course 
of some steep ridge that in many cases is so 
sheer as to form a knife edge which almost 
can be straddled. On another occasion we 
revisited Trois Pitons^ summit and were 
blessed with a miracle in w^eather — ^full sun- 
light on a peak whose summit contours were 
13raetieally unknown Such weather per- 
mitted the taking of the first photographs 
which really show the summit configurations 
of Dominica’s little known and inaccessible 
peaks. Visitors to Dominica’s interior have 
been few^ with the result that it is a paradise 
to the plant collector, and indeed the best 
pickings” on the island were from Trois 
Pitons’ upper slopes. Here were discovered, 
besides other rarities, a fern, three shrubs, 
and two palms — all new to science 
It was easy to descend the steep slopes, for 
with mud-oiled pants it was a quick down- 
ward slide on slippery clay* Back at Syl- 
vania the sun had already slid behind the 
slopes to the west and an insect chorus was 
ushering in the night At no other time are 
Dominica’s forests more lovely; from the 
sheaths of the palm leaves ('oines the crack- 
crack” of the huge katydids; high up in the 
plumose bamboo the blacksmith beetle sends 
down clear notes like the sound of a hammer 
on a tiny anvil; while on every side are the 
myriads of tiny lanterns of the island’s as- 
tounding fireflies. These woodland fairies, 
the ^‘labelles” of the natives, are tropical 
giants among lightning bugs, and when 
afire” look like tiny automobiles moving in 
the darkness with two headlights and a tail- 
light behind. The lights of just one of these 
creatures are bright enough to enable a per- 
son to read, and in the days when the island 



IVCABOGBAVIA 

OQKMOl^ DECORATIVE VINE OF THE WET FORESTS. 
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A WEST INDIAN BULLFINCH 

CAUGHT DRINKING FROM A Eehcoma BRACT. 


was known as Waitubiikuli the Carib owners 
employed these woodland gnomes for many 
a useful purpose, attaching them to their feet 
and hands when traveling after dark; using 
them instead of flambeaux on hunting 


and fishing expeditions. Furthermore, the 
mashed bodies of labelles possess for a short 
while the qualities of a phosphorescent paint, 
and Indian war parties are said to have sup- 
planted the red anatto warpaint of daylight 
with firefly phosphorescence, thus terrifying 
their enemies with flaming countenances.’^ 

After such a day ’s revel in the mountains, 
when tropical night silences all but insects 
and thoughts, it is easy to agree with William 
Palgrave, the great vu-iter and traveler, who 
wote, after visiting Dominica in 1876 ; 

In the wild grandeur of its towering mountains, 
some of which rise to five thousand feet above the 
level of the sea; in the majesty of its almost im- 
penetrable forests; m the gorgeousness of its vege- 
tation; the abruptness of its precipices, the calm of 
its lakes, the violence of its torrents, the sublimity 
of its waterfalls, it stands without a rival, not in the 
West Indies only, but, I should think, throughout 
the whole island catalogue of the Atlantic and Pacific 
combined. 


THE MOUNTAIN WHISTLER OF DOMINICA 


It IS while carefully balancing myself on my 
shaking support of matted lOots, that a sound comes 
to my ear through the roar of a waterfall — a sound 
strangely sweet, solemn, and impressive; a mellow, 
organ-like note, clearer than any flute-tone, more 
thrilling than the solemn chant of sacred song in 
groined cathedral. It is repeated. I stand en- 
tianeed, listening to melody that had never fallen 
on my cars before. The cause I cannot at first 
ascertain, for the notes seem ventriloquial ; and 
indeed they are so, for I search high and low, the 
leafy branches above my head, the densely clustered 
ferns at my feet, and the shrubs at my back, for 
many minutes, before I find the source of this 
mysterious music. Balanced airily on a lance-like 
bamboo that shot twenty feet beyond the brink of 
the cliff, poised in mid-air, with half a thousand feet 
of space between him and solid earth, is a daintily- 
shaped bird, clad in sober drab, save a dash of 
rouge beneath his throat, and of white here and 
there. 

Unconscious of surrounding things, animate and 
inanimate, he was devoting his powers to the pro- 
duction of that wonderful music. . . . Surely no 
fiute ever produced such mellow, liquid tones. It 
was music of unearthly sweetness, that, once heard, 
would never be forgotten — ^between the notes a long 
pause, that made them most impressive. It was not 
a song — ^though I discovered later that the little bird 
had a song — but simply the utterance of a few 


notes. Soon it ceased, and the bird flew into the 
near forest, where I soon discovered it busily feed- 
ing upon the berries of a tall shrub, to the pendant 
branches at wliich it was clinging, now and then 
dashing at a fugitive bunch, apparently as absorbed 
in this occupation as in his melodious lay of a few 
mmutes before. Soon he ceased feeding, and com- 
menced preenmg himself upon a naked limb; then, 
after smoothing himself out, as it weie, and drawing 
in and stretching out his neck, he suddenly dashed 
at a single berry, swallowed it to clear his throat, 
and recommenced to trill. He had uttered but a few 
notes when he silently flew to a dead branch; a few 
more and he winged his way to a swinging 
‘‘liane,'* where he hung suspended above a little 
ravine, in which is sunk a tiny stream, whose tink- 
Img waters made music, though not so sweet and 
liquid as his. Then he disappeared in the dark 
recesses of the forest, where it would be useless 
to follow him, but whence came at intervals the 
ventriloqmal music that seemed to float over my 
head and around me, though the bird was afar. 

This bird is called by my mountaineer friends, 
who have a name, and an applicable one, for every-* 
thing in the forest, the ^*8iffleur Montagne,’^ or 
“Mountain Whistler.’^ 

— ^From Camps in the Canhhees: The Adven- 
tures of a Naturalist in the Lesser Antilles, 
by Frederick A. Ober, Boston, Lee and Shepard, 
1880, pp. 19-20, 



ENGINEERING IN MEDICINE* 

By ALVAN L. BARACH 


In discussing applications of physical 
principles to clinical medicine and, for the 
sake of illustration, to aviation medicine also, 

I shall stick to the narrow bridge winch I 
have crossed between these principles and 
the treatment of respiratory illness. Need- 
less to say there are other more remarkable 
examples of the relations between physics 
and medicine, but I feel less likely to fall 
into the abyss of fanciful conjecture if I stay 
for the most part within the boundary of my 
own experience. 

I 

Two decades ago the physiological basis 
for administering oxygen to patients with 
respiratory illness was being placed on a 
solid foundation, but comfortable and effec- 
tive methods of providing oxygen-enriched 
air, containing two or three times the normal 
percentage of oxygen, were yet to be devel- 
oped. A funnel held in front of the face was 
then the most common appliance, but it was 
almost worthless and generally used as a ges- 
ture of last resort. The mask of Haldane 
and rubber tubes inserted into the nose were 
more effective, but any appliance fastened to 
the face was found objectionable by many 
patients. The clinical value of oxygen 
therapy could not be established by using 
methods that were ineffective in overcoming 
the lack of oxygen from which the patient 
suffered, or that were uncomfortable or ob- 
jectionable in application. 

An oxygen tent designed by Leonard Hill 
consisted simply of a canopy over the patient, 
but since it did not provide for eliminating 
heat and moisture it produced a warm and 
humid atmosphere. Our early attempts, with 
.Binger and Both, to remedy this situation by 
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passing air through copper pipes packed in 
ice for cooling, and through soda-lime and 
calcium chloride containers for removing 
water vapor, failed to provide a hygienic 
atmosphere in respect to temperature, humid- 
ity, and air movement. The idea of blowing 
an oxygen-enriched atmosphere directly over 
chunks of ice contained in a refrigerating 
cabinet seemed to possess theoretical advan- 
tages because a wide surface area of a cooling 
medium was obtained with minimal resis- 
tance to the circulation of air. In the first 
actual trial after the copper pipes were re- 
moved and pieces of ice were inserted in the 
same container, the effect on the patient was 
remarkable and almost instantaneous. With 
the increased comfort provided by cool, dry 
air he relaxed and fell asleep — the beneficial 
effects of oxygen therapy were no longer 
obscured by factors which interfered with 
his well-being in other ways Further im- 
provements in accessories were necessary, 
such as transparent canopies (Fig. 1) and 
noiseless motors, but the main objective had 
been achieved in an obviously simple way. 
The temperature of the air dropped 15° F. 
and the relative humidity 25 percent. The 
oxygen tent from that time on was capable 
of offering the patient not only an atmos- 
phere of forty to sixty percent oxygen, hut 
also one that was hygienic in respect to tem- 
perature, humidity, and air movement. 

Oxygen rooms had previously been con- 
structed by Bareroft and Stadie which were 
ventilated by motor-fan units and which 
were sufiSciently leak-tight to permit the 
maintenance of an oxygen concentration 
above fifty percent. Rigid care had to be 
taken to prevent sparks in an atmosphere in 
which a high percentage of oxygen was pres- 
ent. Partly to avoid this danger, a simpler 
method of ventilating a room was developed 
in which no electrical contrivance was neces- 
sary.™ When series of one-inch pipes were 
installed across one side of a room with either 
ice water or binne circulating through them 
and a steam radiator was placed on the other 
side of the room, thermal circulation, coolings 
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and dehnmidification of air were satisfac- comfort, and prolongation of life may be- 
torily obtained. This type of ventilation had accomplished. 

the advantage of being noiseless and usable Helium was later introduced as a thera- 
in any room that could be made leak-tight, peutic gas partly because it is chemically 
Oxygen rooms of this type (Fig. 2) have inert and does not form an explosive mixture 
been in use since 1925, at first in the old Pres- with oxygen, but principally because it is. 
byterian Hospital, New York City, and now lighter than any other element except hydro- 
at the Columbia-Presbyterian Medical Cen- gen. A mixture of eighty percent helium 
ter, without any fire or other untoward difiS- and twenty percent oxygen has a density of 
eulty. only one-third that of air or oxygen. Since 

Transportable oxygen rooms (Pig. 3) have the velocity of gas movement by effusion or 
been installed in private homes in which diffusion through a constricted orifice is in- 
patients have lived for the greater part of versely proportional to the square root of the 
both day and night for months and even for molecular weight of the gas, it follows that 
years. Although cure of chronic pulmonary such a lighter-than-air mixture can be 
disease is not effected by oxygen treatment, breathed in conditions of obstructive dyspnea 
betterment of respiratory function, relief with about one-half the effort required for 
from labored breathing (dyspnea), increased the inhalation of either air or pure oxygen. 



PIG. 1. TRANSPARENT TENT POB THERAPY WITH CONDITIONED OXYGEN 





294 


THE SCIENTIFIC MONTHLY 



FIG, 2. OXYGEN CHAMBER VENTILATED BY THERMAL CIRCXJLATION 


The inhalation of helium-oxygen mixtures 
by patients with severe asthma has in many 
instances been a life-saving measure; as a 
result of repeated inhalations of helium with 
oxygen in intractable asthma, bronchial re- 
laxation may fake place and, in a number of 
cases of this type, a state of relatively mild 
or no asthma has been initiated. This in- 
halational treatment of asthma is not a cure 
of the disease^ but it is a remedy of such 
value that it may relieve intractable asthma 
for periods of six months and sometimes for 
more than a year. 

In conditions of localized obstruction in 
the tipper respiratory pass^eway a helinm- 
Oxygen mixture has also been employed in 
ardor the effort of breathing and 

te. fuf f of movement. In 

inlxlur'es,the <K8:y- 
imM fdunci '^eetive/^oe 
gas re^lij le^ thpu^ the poinlB of 


contact which the tent makes with the bed. 
Although this gas can be used with a mask, 
a helium-oxygen helmet hood (Fig. 4) was 
developed which enclosed the head of the 
patient, making contact at the neck. When 
a positive pressure of two to five centimeters 
of water was maintained within the hood it 
was soon found that breathing became re- 
markably more comfortable. Very severe 
eases of obstructive dyspnea, both asthma 
and lesions in the larynx and trachea, have 
been controlled in this way. 

II 

The stimulus which led to the use of posi- 
tive pressure in bronchial asthma originated 
from an observation that one of our first 
patients who was treated by helium-oxygen 
therapy habit^lly breathed in such a way 
m to create ah bteruetion at his mouth dur- 
ing expiration. With his lips partially 
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closed, he would slowly blow out against an 
arbitrarily imposed and very obviously nar- 
rowed oriSee. When I suggested that he was 
making his breathing harder and that he 
should open his mouth to breathe, he lapsed 
into a state of uncontrollable asthmatic 
dyspnea, indicating that his manner of 
breathing had some functionable signifi- 
cance. 

When, in cooperation with S'wenson, 
lipiodol was inserted into the lungs of a 
patient with bronchial asthma, the X-ray 
showed that, if the patient w’as exhaling 
under a positive pressure, the bronchial 
tubes did not constrict so much as they did 
in ordinary unobstructed expiration. With 
that hint in mind, patients with helium and 
oxygen in the hood were exposed to a con- 
tinuous positive pressure in the helmet of 
three to six centimeters of water. This small 
degree of positive pressure during expiration 
was reflected back into the respiratory 
passageway and prevented the bronchi from 
collapsing wdth the result that the decrease 


in the total volume of lungs during the ex- 
piratory cycle was diminished. Of even 
greater importance was its effect on the in- 
spiratory cycle, since the presence of an addi- 
tional positive pressure at the entrance of the 
lung was capable of blowing the atmosphere 
into the lungs instead of making it necessary 
for the patient to suck it in through a con- 
stricted orifice. 

It has been shown by experiments on ani- 
mals that a high negative pressure develops 
within the lungs "when breathing takes place 
through a narrowed orifice. When the air is 
forced into the lung from the outside this 
pathologically elevated negative pressure, 
which is produced by forcible contraction of 
the diaphragm and chest muscles, is much 
reduced. The disadvantage of the patient’s 
employing a high negative pressure in the 
chest to suck in air past a constricted orifice 
is that it exerts a cupping action on the pul- 
monary capillaries and on the mucous mem- 
brane of the bronchi, tending to cause exuda- 
tion of mucus and serum. In some instances 



EIG. 3. PORTABLE OXYGEN CHAMBER POE USE IN HOMES 



296 


THE SCIENTIFIC MONTHLY 


such a piiliiioiiary edema takes place in 
human beings as a result of long-continued 
respiratory obstruction. Edema of the lungs 
was consistently produced in animals by hav- 
ing them inspire through a constricted ori- 
fice, or against a negative pressure of six 
centimeters of water. 

As long ago as 1878 Oertel employed one 
hundred inspirations under positive pressure 
in the treatment of asthma, and Haven 
Emerson, in 1909, showed by experiments on 
rabbits that artificial respiration conducted 
under pressure prevented or cleared edema 
of the lungs due to previous injection of 
adrenalin. Other observers, such as Auer, 
Loeb, and Gates, confirmed these observa- 
tions. However, little or no clinical applica- 
tion had been made of them, except with the 
apparatus of Plesch used by Poultoii. 

The helium-oxygen hood offered a com- 
fortable and effective way of providing 
positive pressure in conjunction with gas 
therapy. A number of eases in which there 
was a marked outpouring of serous fluid 
from the capillaries of the lung into the air 
spaces were treated by positive pressure with 
a resulting swift clearing of the edema in a 
number of instances. In some cases there 
was a prompt recovery from what otherwise 
would have been regarded as a fatal illness. 
A mask for the application of positive pres- 
sure during inspiration and expiration is 
shown in Figure 5. 

A result of pressure applied to the outside 
of the capillaries in the lungs is to counter- 
act directly the internal hydrostatic pressure 
in the blood vessels. This opposing exterior 
pressure retards the tendency of the capil- 
laries to ooze when there is either an in- 
creased pressure within them, as in heart 
failure, or some change in permeability of 
the capillaries, as in pneumonia or gas 
poisoning. Another effect of positive pres- 
sure within the chest may be to retard the 
inflow of blood into the right heart. In cases 
of cardiac failure such a pressure allows the 
heart to work with a diminishedwolutne of 
blood. In normal individuals the fticrease in 
venous pressure largely ccmipensates for the 
retardiiag effect , of the physical 

p^iprain &e limgy m m proved by the fact 
time was :^ound generally 
levei 


More recently an apparatus has been de- 
veloped in which positive pressure in expira- 
tion alone has been provided. In collabora- 
tion with Bckman and Molomut, I have used 
a mask apparatus in which expiration pro- 
ceeds through a tube immersed in a water 
bottle or through a flutter valve surrounded 
by a metal disc that is punctured with ori- 
fices of various sizes. In the largest orifice 
there is no resistance to expiration, but as 
the disc is moved to smaller and smaller ori- 
fices the resistance to expiration becomes 
greater and greater. This mask (Pig. 6), 
employing positive pressure in expiration, 
has been used in the treatment of clinical 
pulmonary edema, and also by Carlisle in 
the edema of gas poisoning from fumes of 
chlorine or nitric acid. 

The foregoing experience points to the 
possibility that breathing against a positive 
pressure may aid in overcoming the conse- 
quences of pulmoi^ary irritant war gases. In 
the absence of oxygen a mask of this kind 
may be used to advantage simply by remov- 
ing the collecting bag and inspiring air 
through the inspiratory valve, and exhaling 
it through the expiratory valve and the 
selected narrowed orifice. In the absence of 
a mask, expiration through a cigarette holder 
can be used and has, in fact, been reported 
as an emergency measure in the clearing of 
pulmonary edema in two clinical patients. 

It appears, therefore, that there is a func- 
tional significance in grunting and groaning 
by patients with respiratory illness, although 
these symptoms are ordinarily thought of 
as Subjective complaints. A characteristic 
symptom of lobar pneumonia is an expira- 
tory grunt, in which the patient at the begin- 
ning of expiration holds his breath, closes 
his glottis, develops an increase in intrapul- 
monary pressure, and then gradually exhales 
in a grunting or groaning form of breathing. 
I have a memory of many years ago when I 
had a patient, ill with lobar pneumonia, who 
grunted and was suffering considerably. I 
gave this patient two doses of morphine 
which stopped the expiratory grunt but he 
lapsed into edema of the lungs. 

My conclu^^ipn is that the expiratory grunt 
is a beneficial action, and that consequently 
it is Justifiable to ^eak of the physiological 
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FIG. 4. HOOD FOE ADMIKISTEATION OF MIXTUEES OF HELIITM AND OXYGEN 
advantages of grunting and groaning, taneous provision of oxygen concentrations 


Where patients who have had a long-stand- 
ing obstruction of the larynx are suddenly 
relieved by making an incision into the 
windpipe, they will often develop exudation 
of serum and mucus from the pulmonary 
capillaries and from the bronchi. This exu- 
dation can be controlled by having these 
patients inspire normally and expire under 
positive pressure, as shown by Woodman and 
later by Kernan and me. 

In the mask apparatus mentioned above, 
variable concentrations of oxygen can be 
obtained by the use of an injector attached 
to the regulator. As oxygen passes through 
it in a swift stream, a negative pressure is 
developed within the metal injector which 
draws in a variable amount of outside air, 
depending upon the size of the orifice open 
to the atmosphere. Calibration of these ori- 
fices in experiments made possible the instan- 


between forty and one hundred percent with 
an error not exceeding three percent. 

Ill 

I now pass to the consideration of a method 
for immobilizing the lungs that is also based 
on an application of engineering principles. 
In 1926 Thuneberg showed that an appar- 
ently adequate pulmonary ventilation could 
be maintained in ease of respiratory paraly- 
sis by placing the patient in a chamber in 
which an alternating pressure of one-sixth of ' 
an atmosphere above and below normal was 
used. Drinker and his collaborators then 
developed the respirator, now commonly 
known as the ‘‘iron lung/' in which the body 
of the patient is enclosed in a box with the 
head protruding outside. When a motor 
blower unit or bellows creates a suction pres- 
sure of fifteen centimeters of water within 
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the chamber, the chest is expanded diirinf? 
inspiration ; when this is turned off, the chest 
returns to the expiratory position as the 
result of atmospheric pressure. 

My interest in immobilizing' the lung was 
to secure lung rest in patients having pul- 
monary tuberculosis. An air-tight room was 
first constructed in which patients could be 
subjected twenty-five times a minute to alter- 
nating pressures of fifty-five millimeters of 
mercury above and below that of the atmos- 
phere This change was sufficient to force 
air in and out of the lungs, but it was soon 
evident that during the positive phase the air 
pressure compressed the chest slightly, and 
that during the negative pressure phase the 
chest was momentarily expanded. This 
movement of the chest was traced to the 
resistance of the tracheo-bronehial tree to 
the free flow of air, wdiich delayed and de- 
creased the application of pressure to the 
inner surface of the lung. 

An air-tight box was then constructed 
around the body of the patient, with the 
head protruding into the original chamber. 
When small apertures were made in this box, 


it w^as possible to retard the application of 
pressure to the chest to keep pace with the 
pressure of air in the lungs tliat had entered 
through the nose and mouth. In that Avay 
Ave were able to equalize the pressure on both 
the inner and outer surfaces of the chest wall, 
and on the diaphragm as w^ell, so that little 
or no discernible movement of them took 
place either on ordinary observation or on 
X-ray examination of the margins of the 
diaphragm. An adequate movement of gas 
molecules in and out of the immobilized lung 
provided a plentiful supply of oxygen and 
eliminated the carbon dioxide 
After the method of immobilizing the lung 
had been perfected, a number of persons hav- 
ing advanced pulmonary tuberculosis were 
given the lung rest treatment. In six of 
eight eases there was a clearing of the lesions 
due to tuberculosis and most of these patients 
are now living or working without any evi- 
dence of active infection. Although this 
method (Fig. 7) of immobilizing the lung is 
a practical procedure which is comfortable 
to the patient and has been effective in some 
instances in promoting a cure of advanced 
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pulmonary tuberculosis, after other measures 
had failed, more studies are necessary in 
order to determine the range of its use- 
fulness. 

IV 

It will be instructive to consider an illus- 
tration of the ease with which physical prin- 
ciples may be overlooked in medical problems, 
particularly by those whose training is in 
medicine and not engineering. Such a prob- 
lem of great importance is now before medi- 
cal men and engineers. 

In dealing with the physiological factors 
involved in high altitude flying, we are faced 
first of all with the fundamental fact that a 
unit of gas at constant temperature expands 
in proportion to the decrease in pressure to 
which it is subject. For example, a liter of 
gas at sea level will expand in the free state 
to six liters at an altitude of 42,000 feet. 
Since the volume of the chest is constant, it 
is evident that even though pure oxygen is 
inhaled the molecules are so widely separated 
at very high altitudes as to be unable to pro- 
vide a normal oxygen pressure in the lungs 
and, therefore, in the blood and the tissues. 
One of the interesting characteristics of the 

TABLE 1 

Percentage by Volume of Oxygen, Carbon Diox- 
ide, AND Water Vapor in the Lungs, at Sea 
Level (760 mm. Hg) and at 42,000 Eeet 
(128 MM. Hg), when Breathing 100 
Percent Oxygen 


Gas 

Sea level 

Altitude 42,000 feet 

Oxygen 

88.5 

35.2 

Carbon dioxide 

5.3 

28.1 

Water vapor 

6.2 

36.7 


human mechanism found under these condi- 
tions was that the expansion of gases ob- 
scured certain physiological happenings 
within the body. 

At sea level the atmosphere has a normal 
pressure of about 760 millimeters of mercury 
and at an altitude of 42,000 feet a pressure 
of about 128 millimeters of mercury. Con- 
sequently if ordinary air is breathed at such 
a great altitude, or in a decompression cham- 
ber having corresponding conditions, not 
enough oxygen will be available in the lungs 
to sustain life. Since only about twenty per- 



FIG. 6. OXYGEN METER MASK 
controlling positive pressure during expiration. 


cent of the atmosphere is oxygen, it is natural 
to assume that its deficiency in the lungs at 
high altitudes, even up to 42,000 feet wdiere 
the atmospheric density is only one-sixth 
that at the surface, can be largely restored 
by breathing pure oxygen. This would be 
the case if it w^ere not for certain other inter- 
esting and important physical aspects of the 
problem which experiments forced us to con- 
sider. 

The tube through which aviators breathe 
oxygen from containers at high altitudes 
must not be gas tight at both ends, for other- 
wise the pressure on the interior of the lungs 
might become much greater than the atmos- 
pheric pressure on the outside with disastrous 
results. Consequently at every altitude 
aviators must breathe gases having the same 
density as the surrounding atmosphere. 
There could be an exception only if they 
should be enclosed in air-tight cabins in 
which the pressure could be kept above that 
of the exterior air. 

When an aviator inhales pure oxygen his 
lungs are filled partly with oxygen, and 
partly with water vapor and carbon dioxide 
released into them through the capillaries of 
the circulatory system. There is such an 
abundance of water in the blood that the 
lungs are always saturated with water vapor. 
The amount of water vapor for saturation 
depends upon the temperature hut, contrary 
to what might be expected, is independent 
of the amount of other gases present. There- 
fore, since the temperature of the lungs is 
the same whatever the altitude, the amount 
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FIG. 7. EQUALIZING PEESSUEE CHAMBEE POE IMMOBILIZATION OP THE LUNG 


of water vapor in them at high altitudes is 
the same as at the earth ^s surface. Since the 
oxygen in the lungs decreases with altitude 
whereas the water vapor remains constant, 
the relative percentage of water vapor in- 
creases. At sea level water vapor constitutes 
about six percent of the contents of the 
lungs j at an altitude of 42,000 feet this per- 
centage rises to about thirty-six (Table 1). 

Conditions are similar with respect to car- 
bon dioxide. At sea level the percentage of 
carbon dioxide in the lungs is a little over 
five, whereas at a pr^ure corresponding to 
m. altitude of 42,000 feet it is twenty-eight. 

With the at hand for both water 

’ yapior and dioxide in the lun^, we 

caleu|ai@'^®e ;tetetwe oxygmi content of 
; of' brotor breathing air at sea 

exjytfn at altitude of 


42,000 feet. On taking these factors into 
account, it is found that an aviator gets con- 
siderably more oxygen when breathing air at 
sea level than he does when breathing pure 
oxygen at an altitude of 42,000 feet, or in a 
decompression chamber with an atmospheric 
density the same as that in the open air at 
an altitude of 42,000 feet. This result indi- ' 
cates that in order to ascend to great alti- 
tudes the personnel will have to be enclosed 
in airtight cabins in which atmospheric pres- 
sures can he maintained above that of the 
exterior air. 

In the bourse of our" determinations of 
''vital capacity’’ at different altitudes, a 
phenomenon was met that was puzzling until 
the ^planation occurred to my colleague, 
Mr. Bckman. Vital capacity is the maximum 
volume of air a person can expel from his 
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lungs after inhaling deeply. TMs maximum 
capacity of a person is measured by Ms first 
taking the fullest possible inspiration and 
then exhaling it as completely as possible into 
a spirometer, wMeh measures the amount of 
air admitted into it. Evidently the lung 
capacity of a person is the same at all alti- 
tudes. But when the vital capacity of a man 
was found to be. 5,000 cubic centimeters at 
sea level, a test would show it to be about 
4,(K)0 cubic centimeters at a pressure corre- 
sponding to an altitude of 42,000 feet. Mr. 
Eckman noted that the exhalation was from 
the lungs at temperature of 99^ P. into a 
spirometer at a temperature of 68® P. Since 
in the lungs the vapor pressure of the water 
would always be the maximum possible for 
the temperature, condensation would follow 
the exhalation into the cooler spirometer. As 
is shown in Table 1, at sea level only six per- 
cent of the air in the lungs is water vapor, 
while it is thirty-six percent at an altitude 


of 42,000 feet. Therefore the water con- 
densed at the higher altitude would be a 
much larger fraction of the contents of the 
lungs than at sea level. An experiment in 
wMch the subject breathed into a spirometer 
at 99® P. gave the same value for the vital 
capacity at both altitudes and verified the 
theory. 

There are many other examples of appli- 
cations of physicM principles in clmieal and 
aviation medicine, but those that have been 
presented from actual experience are suffi- 
cient to illustrate the importance of broad- 
ening the base for medical education. 
Heretofore students have generally entered 
medicine through the avenues of biol<^ and 
chemistry, whereas those taking physics have 
preferred engineering. Wider horizons are 
needed. 

Beware of ike generalist who is not a 
specialist but beware of the specialist who is 
not a genercdist, — Blake. 



RACE AND PUBLIC POLICY 

By LOUIS WIRTH 


Academic men are inclined to ascribe an 
importance to knowledge all out of propor- 
tion to its actual role in human conduct. 
This is particularly true of race relations. 
Men do not wait until the latest findings of 
science are in before they begin to feel, think, 
or act on matters that concern race ; and even 
when new scientific findings come to hand it 
does not follow by any means that people will 
promptly change their beliefs and actions to 
conform to them. 

Race and Reason. This is not to argue the 
futility of the search for tenable knowledge 
about race and race relations, but merely to 
indicate the limits of its effect upon practice. 
In the beginning was the act, not the thought. 
Frequently, however, men cling tenaciously 
to a belief even in the face of overwhelming 
evidence of its falsity. They often persist in 
a type of conduct which is flagrantly contra- 
dicted by both the factual premises upon 
which it supposedly rests and its practical 
outcome. And yet, if we are pursuing the 
quest for knowledge for any other reasons 
than its own sake, we must assume that ulti- 
mately, if not always, knowledge does make a 
difference. Many illustrious examples from 
history support this assumption. 

Although the displacement of superstition 
and dogma by science, even in the fields of 
technology and medicine, to take but two in- 
stances, has by no means been as rapid and 
as automatic as might be wished, in social 
affairs, in matters that affect religion, the 
family, nationalism, and race, scientific find- 
ings have made their way into belief and 
action even more slowly. This appears to be 
due not merely to the supposed fact that sci- 
entific findings in these latter fields are less 
certain and more personal, but rather to the 
circumstance that established beliefs and 
practices in these matters have an almost 
sacred character and are not subject to secu- 
lar, objective scrutiny. In matters of race 
even a Hitler or a Goebbels may pose as an 
expert and be accepted as such by millions, 
whereas probably no one would accept them 


as experts in medicine or engineering. We 
must assume, nevertheless, that the search 
for truth by the methods of science is at least 
as important in the realm of the social as it 
is in the realm of the physical and biological 
and that ultimately here, too, the truth shall 
make men free. 

The Nature of Race Prejudice. What we 
know and what we do not know about race 
would be merely a prosaic academic matter 
if it were not in the minds and actions of men 
associated with some of the most acute prac- 
tical problems of human relations in our day. 
These problems range from personal idiosyn- 
crasies and antipathies to violent mass con- 
flict and the clash of national and interna- 
tional policies. It is the latter type of prob- 
lem that constitutes the subject of this paper. 
But before treating the subject of race and 
public policy, a word needs to be said about 
race relations as personal relations. 

All of us have our likes and dislikes, our 
preferences and antipathies. We prefer cer- 
tain foods over others ; we have our personal 
tastes in clothing and furniture ; we ride hob- 
bies and have our blind spots in art and in 
recreation ; we have our passionate affections 
and our equally deep-seated revulsions to- 
ward other persons. All of these, however, 
are matters of little if any public concern. 
We regard them as private affairs. 

Our tastes, our preferences, and our an- 
tipathies, however, are not altogether of our 
own making and the result of our own per- 
sonal experiences. For the most part our 
personal pattern of race relations is made 
for us by the culture in which we live, 
just as our behavior patterns in other re- 
spects bear the imprint of the group to which 
we belong. We have preconceived attitudes 
toward objects and persons that we have 
never met. These attitudes tend to be more 
verbal than actual. It is difficult for us to 
work up very much enthusiasm for, or an- 
tagonism against, people whom we have 
never seen, although we may have stereo- 
typed notions about how we are to react to 
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the symbols representing these unfamiliar 
persons. In a race-relations survey made 
some years ago on the Pacific Coast, a con- 
siderable proportion of native-white Amer- 
icans who were questioned exhibited a mark- 
edly distant and unfriendly attitude toward 
Turks, although probably few, if any, of 
those who held this attitude would recognize 
a Turk if they met one. Strange as it may 
seem, the genesis of this attitude may be in 
part the inadvertent by-product of the Sun- 
day school experience which many American 
youths underwent when they dropped their 
pennies in the collection box to save the 
persecuted Armenians from the “Terrible 
Turk.’’ 

Prejudices are judgments that we pass on 
objects or persons before we have had any 
experience which would give us reasonable 
grounds for feeling or acting as we do. 
These “pre- judgments” are the result of our 
predisposition to lump objects or persons to- 
gether into classes or categories irrespective 
of their individual differences or merits. 
When we treat one person cordially and as 
an equal, and another in a hostile fashion 
or as an inferior because the former belongs 
to our race and the latter to a different race, 
we are exhibiting a racial prejudice. When- 
ever we hear people say, “I don’t like Amer- 
icans, Englishmen, Russians, Negroes, Jews, 
Catholics because they do so and so,” we 
may be sure that what follows the “because” 
is an attempt to justify on rational grounds 
an attitude which rests upon emotional bias. 
No people as large as any of the groups men- 
tioned above are so much alike that the same 
judgment could conceivably apply to all of 
them. Our pre-judgments of other people, 
especially of racial and ethnic groups, are 
not rationally examined in the light of our 
own experiences with a substantial number 
of members of such groups. They are for the 
most part imbibed by us from the popular be- 
liefs held in our own group, sometimes trans- 
mitted unconsciously by our elders and our 
neighbors through example, sometimes the 
product of education and not infrequently 
of deliberate propaganda. The fact that 
there is no rational or experiential justifica- 
tion for these beliefs, however, does not make 
them any the less potent. 

To most white people all Negroes look 


alike. Most Americans, even now, find it 
difficult to tell the difference between Japa- 
nese and Chinese, between Koreans, Fili- 
pinos, and Puerto Ricans. Only when we 
get to know certain members of these groups 
intimately do we begin to distinguish be- 
tween individuals and to note that there is 
as much difference between different persons 
in each of these groups as there is between 
persons in our own group. Just as we as- 
cribe identical physical traits to them, so we 
are inclined to ascribe identical mental, so- 
cial, and moral traits to people whom we 
know only by their racial labels. Thus, for 
instance, we attribute a racial odor to 
Negroes because we have met one or a few 
individuals whose smell offended us. We 
forget that perhaps white individuals work- 
ing in the same occupations or living under 
comparable conditions might have an equally 
offensive odor. We meet a member of an- 
other racial or ethnic group who cheats us 
in a business transaction and we immediately 
ascribe his dishonesty in business to his race, 
f orgetting that if someone of our own group 
cheated us, we would blame only the indi- 
vidual and have no thought of race. We 
see someone who is aggressive, and if he be- 
longs to another racial or ethnic group we 
blame his race for it. It is a curious fact that 
we are less inclined, when we see something 
we like in a person of another race, to give 
his race credit for the asset, which, of course, 
is only an individual merit. Thus once a 
prejudice toward a racial or ethnic group 
gets started, it tends to be cumulatively con- 
firmed by subsequent experience, and to blind 
us against all experiences that might prove 
the opposite. 

The Genesis of Bace Prejudice, Racial 
prejudice is associated with the disposition 
on the part of virtually every human group 
to think of itself as superior to outsiders. 
The notion of chosen people is quite wide- 
spread. We know of primitive communities 
the members of which call themselves “men” 
or “human beings” to distinguish themselves 
from all outsiders who are regarded as not 
quite human. We generally glorify the peo- 
ple whom we speak of as “we,” whereas the 
“others” or outsiders are depreciated and 
suspected. Although strangers do sometimes 
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have a romantic fascination for ns, more 
often than not we fear them and remain at 
a respectful distance from them, ready to be- 
lieve almost anything about them to which 
we would not for a moment give credence 
if it concerned a member of our own group. 
Particularly where these strangers are dis- 
tinguishable from our own group by such 
visible marks as color, the tendency to retain 
them in a category apart is persistent. 

Racial prejudices may have their founda- 
tion in our own insecurity, be it economic or 
social. We are reluctant to enter into com- 
petition or rivalry with members of groups 
distinguishable from us by marked physical 
or cultural characteristics. And when we do 
compete with them, we are likely to attribute 
our own failures and shortcomings to some 
unfair advantage which the others are taking 
of us, or to our reluctance to put forth our 
best efforts against unequals. It has been 
repeatedly found by students of Negro-white 
relations in the South that the so-called white 
aristocracy shows less racial prejudice than 
do the ^*poor whites'' whose own position is 
relatively insecure and who must compete 
with Negroes for jobs, for property, for so- 
cial position, and for power. Only those who 
themselves are insecure feel impelled to press 
their claims for superiority over others. This 
is confirmed by the fact that racial preju- 
dices and conflicts flare up most violently in 
periods of economic distress when there are 
not enough jobs to go around. Similarly, 
when an ample supply of housing is avail- 
able, people will generally settle in areas 
where life for them is most congenial and 
where they can afford to live. But when 
housing facilities are limited, the Negro may 
jSnd it difiScult to obtain living space, espe- 
cially when it involves displacing whites. 

It takes an exceptionally objective person 
to accept responsibility for his own failures 
and frustrations. It is much more conven- 
ient to pjit the blame on another and to in- 
vent a scapegoat, especially if that scapegoat 
has already been groomed for the role by his- 
tory and circumstance. In the southern part 
of the United States it might be the Negro ; 
. in the Southwest it might be the Mexican or 
the Indian; on the Pacific Coast, the Ori- 
in the great cities, the immigrant or 
We choose as whipping boys those 


who are easily accessible, easily identifiable, 
relatively defenseless, and who give ns a 
plausible provocation by actual or imagined 
competition. 

Once a prejudice has become established 
it tends to perpetuate itself. It becomes part 
of the atmosphere to which we are exposed 
from infancy on, not only by what we are 
officially taught, by what we read, and by 
what we hear in conversation, bnt also by 
subtle gestures and jokes. The desire to con- 
form to what the ‘‘best people" do, believe, 
and say is strong in all of us, and if they 
happen to hold these prejudices, we tend, 
though quite unconsciously, to emulate them. 
Furthermore, these prejudices hold us at a 
distance from the victims of the prejudices. 
We never give ourselves a chance to meet on 
intimate terms those against whom we are 
prejudiced. If by circumstances we are 
thrown in contact with them and find no con- 
firmation of onr prejudices, we tend to re- 
gard these individuals as exceptional cases 
and still go on believing that others of that 
race fully deserve the treatment they get. 
On the other hand, when we meet a member 
of a race against whom we do not hold preju- 
dices and find him obnoxious, we either never 
identify him with the group to which he be- 
longs or treat him merely as an obnoxious 
and unfortunate individual. The groups 
against whom we hold prejudices, therefore, 
start out with an initial handicap in their 
relations with us which they are rarely given 
the opportunity to overcome. The burden of 
proof that they are not obnoxious and in- 
ferior is upon them. 

Being thus regarded as inferior and being 
excluded from free association and from 
equal opportunities, the members of a racial 
group who suffer from prejudice may come 
not only to feel inferior but also, through 
unequal opportunities and rewards, actually 
to be inferior. Correspondingly, the holders 
of the prejudice may become confirmed in 
their smug feeling of superiority by being 
able to point to the evidences of their own 
superior achievement. 

There is no evidence to show that race 
prejudice is any more inherent in human 
beings than tastes, preferences, and aver- 
sions in other matters. Race prejudice is 
not an instinct nor an ianate tendency, bnt 
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an attitude which has to be acquired, a mode 
of behavior which has to be learned. New- 
born infants do not have it. Young children 
are generally free from it, and such experi- 
mental evidence as we have leads ns to be- 
lieve that it can be both taught and untaught. 
The mere fact that in different parts of the 
world, among different peoples, in different 
epochs of history, and under differing cir- 
cumstances these prejudices differ widely 
should lead us to see how modifiable they are. 

Factors Affecting the Decline of Race 
Prejudice, It is relevant to ask, therefore, 
what can be done about these prejudices. 
The problem is not solved by the obvious 
and oft-given advice that we should get to 
know members of the other race more inti- 
mately. Unfortunately, to know all is not 
always to forgive all. The more intimate we 
become with one another, the more, to be 
sure, we shall understand one another, but 
it does not follow that the more intimate we 
become, the more affectionate we become. 
Intimate knowledge of others may lead us to 
like them more, but also to dislike them more 
than we did before. 

Students of race relations have noticed 
that prejudice tends to decline when the 
group that is the victim of the prejudice is 
no longer in direct competition with the 
group that holds the prejudice. The greater 
the security of a group, the less provocation 
it has to generate and maintain prejudices 
against other groups. Some improvement in 
race relations, therefore, might be expected 
by minimizing or eliminating the causes of 
economic and social insecurity among all 
men. 

It has also been found that it becomes more 
difiSeult to maintain race prejudice when the 
members of the group against whom the 
prejudice is directed are no longer easily 
identifiable, when the marks — ^whether phys- 
ical or social — by means of which we classify 
and label them fade out. Since the Negro is 
so distinctly marked by physical traits, the 
prospect that prejudice toward him will dis- 
appear is less than the prospect of the de- 
cline of prejudice toward racial and ethnic 
groups less visibly different from ourselves. 
But even among Negroes, it should be noted 
that many thousands of mixed bloods are 


annually incorporated into the white group, 
or at least pass among the white group un- 
recognized as Negroes. The more anony- 
mous our society becomes, the more likely it 
is that individuals can pass from one side 
of the color line to the other unnoticed. 

Similarly, race prejudice tends to decline 
when enough exceptions are made. If we 
have the opportunity to meet a sufficient 
number of members of the group against 
whom a prejudice exists who are exceptional, 
then the rule to which they are the exception 
is undermined. Self-respecting individuals 
of a minority group will, of course, be reluc- 
tant to accept special treatment. They will 
not be flattered when someone says, *^A11 
Negroes are so and so, but you are an ex- 
ception,” or ‘‘I meant no harm, because some 
of my best friends are Jews.” But if the 
person who holds the initial prejudice meets 
only persons of the minority groups who are 
exceptional and none who conform to his 
stereotype, the stereotype may Anally give 
way. Just as we have attitudes toward 
Negroes, however, long before we have met 
a Negro, so we must not expect these atti- 
tudes suddenly to vanish once we have the 
evidence which contradicts them. As our ex- 
perience which contradicts our stereotypes 
grows, there is at least the likelihood that 
our attitudes will eventually be modified. 
Education, therefore, as it enriches our ex- 
perience, can become a factor destructive of 
prejudice. 

We have had it reaffirmed recently, if we 
had not known it already, that race preju- 
dice is likely to decline when the larger 
group, say the nation, is threatened by an 
external enemy. When there is an enemy 
without, the differences within are mini- 
mized. Thus, in a period of war we realize 
more clearly than ever before that racial, 
religious, and other prejudices constitute a 
danger to our national unity and it begius 
to dawn upon us that, however deep-seated 
our own internal conflicts may have been, 
they are as nothing compared with the con- 
flicts between us and our enemies. 

Consequences of Race Prejudice, Eacial, 
ethnic, and religious prejudices can become 
seriously divisive forces in society. They are 
particularly demoralizing in a democracy, 



306 


THE SCIENTIFIC MONTHLY 


where men profess to believe in equality of 
opportunity. They make our ideals seem 
impracticable and impossible of realization. 
They destroy our belief in our own integrity 
and our ideals. They tend to make us esteem 
our fellow men, not on the basis of their in- 
dividual merit or contributions to society, 
but on the basis of some fact or alleged fact 
over which they have no control whatsoever. 

Particularly when we are engaged in a 
struggle against anti-democratic forces do 
these prejudices become inimical to the na- 
tional interest. If the dignity and autonomy 
of the human personality which we profess 
to respect means anything, it means that we 
confer status upon an individual, not by 
virtue of the group into which he was born, 
but on the basis of his performance. We 
regard this as one of the principal diflEerences 
between a caste order — ^which we began to 
outlive when we abolished slavery — ^and a 
free society. Whereas in a caste order in- 
dividuals and families occupy a jSxed status 
from which they cannot escape and which 
they cannot and do not wish to alter, in a 
society like ours there is, theoretically at 
least, a possibility of relatively free move- 
ment up and down the social scale and there 
is the ever-present incentive to take advan- 
tage of this possibility. 

By maintaining racial prejudices we make 
it possible for our enemies to say ‘'You, too, 
regardless of your professions to the con- 
trary, practice racial discrimination. ’ ’ What 
is more, the existence of these prejudices is 
a factor in undermining the loyalty of the 
group that is the victim of them. They pre- 
vent the nation from gaining the benefit of 
the maximum contribution and fuU partici- 
pation of all of its members in the common 
cause. Just as they cripple the victim, so 
these prejudices also warp the holders. They 
make them blind to what they do not wish to 
see; they breed arrogance and bigotry; and 
not infrequently they lead to wanton ag- 
gression and unprovoked violence. 

Despite the fact that there is no scientific 
justification for linking the physical char- 
acteristics that distinguish the major groups 
of mankind with intellectual or moral virtues 
or defects, this linkage constitutes the very 
h^rt of race prejudice, Similarly, although 
there is no justification in science for linking 
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a given language, religion, class, party, or 
nationality with a given racial group, con- 
flicts that are essentially economic, political, 
religious, or intellectual come to be regarded 
as racial. What we do not like about others 
in our economic, political, religious, and so- 
cial intercourse, we can, under certain cir- 
cumstances, attribute to their race. Race 
prejudice thus comes to be transferred to 
groups which may not be racial at all. The 
prejudices derived from one source can be 
used to reinforce and sustain the prejudices 
arising from a very different cause. 

In the past, racial myths have been in- 
vented to account for the rise and fall of 
empires, to justify and to resist revolution- 
ary movements, to rationalize slavery, war, 
and imperialistic adventures. Racial preju- 
dices have been used to make discrimination 
in economic opportunities, in education, in 
immigration, and in social relations seem 
just and reasonable. They can be used to 
weld together peoples who have otherwise 
little in common, just as they can be used to 
tear asunder groups which history and a 
common social heritage have welded into a 
unity. They have been for a long time and 
are currently being used by our enemies as 
a powerful weapon against us in the present 
World War. 

Private and Public Prejudices. While the 
race prejudices of individuals appear to be 
largely matters of private concern, they are 
by no means purely private, either in origin 
or in their consequences. To the extent that 
they are the product of the prevailing social 
stereotypes they can be modified as other 
collective images are subject to alteration by 
education and propaganda. They can be 
affected for good or iU by laws, official prac- 
tices, and public policy. They can perhaps 
be dealt with more effectively by indirect 
than by direct attack, for they are deeply 
imbedded in the structure of our society and 
hence can be basically altered only as society 
itself is altered. Such prejudices do not 
flourish in a wholesome society where aU the 
members enjoy a substantial measure of se- 
curity, where no group feels itself exploited 
and dominated by another group, where 
group conflicts are at a minimum, or, if 
acute, are equitably resolved in accordance 
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with freely accepted rules of the game. In 
an orderly, stable, prosperous, and enlight- 
ened society these prejudices cannot very 
easily become widely diffused among sub- 
stantial sections of the people. What is most 
important, however, is that in such a society 
it is virtually impossible to build organized 
movements upon them. 

Eace prejudices, like all attitudes, are not 
only contagious but are cumulatively rein- 
forced by the day-to-day social interaction 
that goes on in a society. Eventually they 
crystallize into customs and not infrequently 
they are written into laws. When race atti- 
tudes become organized into social move- 
ments and thus acquire the vehicles of or- 
ganizations, ideologies, symbols, and tech- 
niques for their dissemination and sanction, 
they become significant factors in the shap- 
ing of public policy. In this manner private 
prejudices become matters of utmost public 
concern. 

Evolution of American Bacial Policy. 
The United States has not been free from 
race movements; at different times and in 
different parts of the country different 
groups have been the object of organized 
race prejudice. From its first settlement to 
the present this nation has followed a suc- 
cession of public policies involving race dis- 
crimination. Our earliest and most dramatic 
instance of public policy with reference to 
race emerged with the first contact of the 
white settlers on this continent with the na- 
tive Indian population. The indigenous In- 
dians, representing as they did an obstacle 
to white settlement, found themselves chron- 
ically in open war with the whites and were 
ultimately subjugated by the technically 
superior invaders. Until very recently the 
Indians were not allowed to share the rights 
of citizens, and those who were not extermi- 
nated were reduced to the subordinate status 
of wards of the government and confined to 
reservations. 

Far more important than the Indian, at 
least from the standpoint of numbers, is the 
Negro minority in the United States. Ever 
since the day when he was first imported as 
an indentured servant or slave from Africa 
he has constituted the principal stock among 
our people subjected to both official and un- 


official differential treatment based upon 
difference in race. Since the Negro consti- 
tutes nearly one-tenth of our total population 
and is the principal victim of racial discrimi- 
nation, his treatment may serve to illustrate 
the relation between race and public policy. 

Neither in the American Colonies nor in 
the newly formed nation was the Negro in- 
cluded among those who enjoyed the rights 
of citizenship and equal protection of the 
law. He was assigned to an inferior place 
and in general remained in the place assigned 
to him, although sporadic rebellions testify 
to the fact that he did not always meekly 
accept his position as permanent. During 
the period of slavery the Negro was effec- 
tively subordinated to the whites by custom, 
public policy, and law. To be sure, not all 
Negroes nor all slaves were treated alike. 
Some slaves either purchased or were granted 
their formal freedom. The house servants 
were on the whole in a more intimate per- 
sonal relationship with their masters than 
were the field hands, and the treatment of 
the former was considerably more humane. 
But slaves were property and despite their 
unique human qualities, as property they 
were considered in a category apart from 
the rest of society. A body of law and judi- 
cial decisions grew up defining the relation- 
ship between whites and Negroes. These 
legal sanctions heaped upon custom consti- 
tute the principal body of race legislation 
in America. Among the earliest racial legis- 
lation are prohibitions of intermarriage be- 
tween Negroes and whites. 

In the course of the Civil War and the 
coUapse of the legal and political support of 
slavery, the power, privileges, and authority 
of the masters were weakened. But formal 
emancipation did not bring either actual 
freedom or real equality. New laws were 
considered necessary to define the new rela- 
tionships between the races when the old 
caste order collapsed. The nation ^s attempt 
to superimpose a new pattern of race rela- 
tions upon the South and to force equality 
by law, as evidenced by the Eeconstruction 
measures, proved unsuccessful and produced 
bitter reaction. Before the 14th Amendment 
placed limits upon the states, eight of them 
passed black codes’^ to make the new status 
of the Negro coincide as nearly as possible 
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with the old. The black codes’’ imposed 
restrictions upon Negroes limiting their 
choice of occupations and attempted to tie 
the former slaves to the plantation economy. 
They regulated labor and circumscribed the 
black worker’s freedom of movement. 

Among the legislation restricting the free- 
dom of the Negro are the segregation laws, 
or Jim Crow” laws, enacted by most of the 
Southern states. Under these laws the states 
which made any provision at all for the edu- 
cation of Negroes did so under the condition 
of the separation of the races in the schools. 
Similar separation was enforced in public as- 
semblies, including churches, on common car- 
riers, in hospitals, and in penal institutions. 
The Negro was further subjected to differen- 
tial treatment in the courts; he was dealt 
with more severely under the statutes for 
committing certaip. offenses against whites, 
especially sexual offenses. In some jurisdic- 
tions he was excluded from juries and limited 
in his capacity to testify against whites. 
Negro suffrage, where it existed at all, rested 
upon unequal terms with white persons. 

The 14th Amendment, which granted the 
Negro equal protection of the law,” was 
met by a negative response from the South 
and induced Congress to pass a series of 
Reconstruction acts beginning in 1867. Mili- 
tary governments were established in several 
of the Southern states and the existing gov- 
ernments declared illegal. The 15th Amend- 
ment, in 1869, was followed by a second series 
of Reconstruction acts, sometimes referred to 
as the Force Bills,” designed to lay a con- 
stitutional basis for the enforcement of the 
amendment. With the influx of carpet bag- 
gers from the North and the ascendancy of a 
strong Negro political organization in the 
South, some of the more flagrant anti-Negro 
measures enacted between 1865 and 1867 
were repealed. Under the impact of this 
order imposed from without and flagrantly 
in conflict with custom and attitude in the 
Solid South, Southern whites rallied to con- 
solidate their strength and even turned to 
^stralegal means to regain supremacy. The 
Eh Elux Elan was merely the most promi- 
nent of a number of organizations that 
up throughout the South to intimi- 
; , date the Negro and to restore the dominance 
^mthem whites. The Democratic Party 


became the white man’s party and managed 
in most of the Southern states to rewrite into 
the laws the repressive and discriminatory 
legislation which the 14th and 15th Amend- 
ments were designed to outlaw. 

Among the legislation calculated to dis- 
franchise the Negro was the so-called 
‘^grandfather clause,” which limited the 
suffrage to those who were lineal descendants 
of persons who were entitled to vote at some 
point in time when Negroes were excluded. 
Since the Supreme Court declared these laws 
to be unconstitutional in 1915, other devices 
to restrict Negroes from exercising their 
right to vote have been resorted to, among 
them property requirements, the poll tax, 
and literacy tests which whites were allowed 
to circumvent but which were invoked in the 
case of Negroes. In addition, when other 
means failed, the Negroes were effectively 
debarred by intimidation from registration 
and voting. 

Contemporary American Eacial Policy, 
Both by custom and by law a Negro in the 
United States is today subjected to differen- 
tial treatment in almost all aspects of life. 
Without attempting to treat all the forms 
and aspects of racial discrimination, it may 
be well to cite the principal fields in which 
the Negro today suffers from grossly unequal 
treatment. 

On the political scene, the Negro in large 
areas of the South is still effectively debarred 
from the franchise. This is done not only 
through the poll tax, but also through his 
virtual exclusion from the primary by the 
Democratic Party, which in effect had come 
to regard itself, with the sanction of the 
courts, as a private social club. What ap- 
plies to voting applies equally to the holding 
of public ofSee. Even in the case of appoint- 
ments under Federal Civil Service regula- 
tions, the Negro finds himself accepted only 
in inferior positions, and grossly under-rep- 
resented, and where accepted, to a large 
extent segregated. This is even more true 
in the State governments, except in those 
Northeim urban areas where the Negro en- 
joys considerable political power and hence 
can exact certain limited concessions from the 
patronage dispensers. 

In the armed forces racial lines are clearly 
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recognized. The Negro soldier is on the 
whole strictly segregated into colored units. 
There are few Negro officers and they never 
command white units. Although in onr 
earlier history Negroes had distinguished 
records in the United States Navy, only 
recently has the Negro again been eligible 
for our naval forces in any other capacity 
than as messboy, and he has not yet achieved 
officer rank. 

Some governmental agencies on the Fed- 
eral level have recognized the importance of 
race relations as they afEect their specific 
activities and have appointed special person- 
nel, such as race relations consultants, to deal 
with these problems. Valuable as their func- 
tion has been, these race relations consul- 
tants, who are generally Negroes, are fre- 
quently put into the impossible position of 
having to serve as shock absorbers to protect 
the policy-making officials against Negro 
protest, while at the same time they are pow- 
erless to deal with the grievances of the 
Negroes arising out of unequal treatment 
and race discrimination. 

In the awarding of war production con- 
tracts by the Federal government, in accord- 
ance with Congressional action, clauses have 
been written into the contracts prohibiting 
racial discrimination in employment. By 
executive order of the President a Fair Em- 
ployment Practices Committee has been es- 
tablished to minimize discrimination against 
Negroes in defense industries, but unfor- 
tunately this committee has little power aside 
from the weapon of publicity to deal with 
violations. 

Segregation legislation in the Southern 
states provides for ‘^separate but equal ac- 
commodations’^ for the two races. In fact, 
however, separate accommodations have 
rarely meant equal accommodations. This 
^^Jim Crow” legislation applies not merely 
to segregation in public institutions, but to 
private facilities as well, including places of 
amusement, restaurants, and even cemeteries. 

Although there is ample evidence of dis- 
crimination against Negroes by legislative 
action, the unequal treatment of the Negro 
goes beyond the scope of law. Though in 
theory he receives the equal protection of 
the law, in fact he must suffer from virtual 
exclusion from juries, inadequate facilities 


for his defense, the prejudice of the police, 
prosecuting agencies and judges, who are 
generally white ; and the disadvantages that 
come from unfavorable organs of public 
opinion, hostile public sentiment, and the 
ever present danger that if legal methods 
for denying him justice are not effective, 
mob violence will take its place. 

That the Negro has suffered from unequal 
public services is such a commonplace fact 
that it hardly needs mentioning. A notable 
exception is the equitable treatment of the 
Negro under the Federal relief program dur- 
ing the depression, and under the provisions 
of the Social Security Act, save as in practice 
state and local administrators of these mea- 
sures have been able to nullify the intent of 
the Federal government to avoid discrimina- 
tion in relief and welfare measures. There 
is overwhelming evidence to show, however, 
that not merely in the South but in the North 
as well, the Negro has received inferior police 
protection, sanitary facilities, medical care, 
housing, recreation, and education. 

It is particularly in the field of education 
that racial discrimination has been most 
widespread and has reacted most unfavor- 
ably upon the long-term prospects of attain- 
ing equality of opportunity for the Negro, 
It happens that the Southern states which 
segregate the Negro in the schools are also 
the poorest states and would be able to fur- 
nish only mediocre educational opportunities 
even if they had to maintain only a single 
school system. A dual school system, how- 
ever, imposes increased financial burdens 
upon these economically disadvantaged areas 
and generally results in grossly inferior 
school facilities and educational opportuni- 
ties for Negroes. This tends to perpetuate 
the already existing inequalities by depriv- 
ing the Negro of opportunities to rise in the 
economic and social scale. 

There is a long history in the United States 
of attempts to impose residential segregation 
upon the Negro by law and local ordinances. 
Eecent Supreme Court decisions, however, 
have undermined the constitutionality of 
these acts, and, in the absence of suitable 
legal devices, property owners have resorted 
to private arrangements between themselves 
known as ^^restrictive covenants” which 
debar Negroes almost as effectively from free 
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choice of residence as if the segregation were 
enforced by law. As yet there is no defini- 
tive decision by the Supreme Court invali- 
dating such private contracts on the ground 
that they are contrary to public policy. 

Even where the Negro is not subject to 
discriminatory treatment by law he is never- 
theless severely handicapped by custom and 
public policy. This is manifested in the sin- 
gularly consistent imposition of unequal 
standards of merit and recognition accorded 
to the Negro in the professions. Even North- 
ern institutions relatively free from public 
pressure, such as higher institutions of learn- 
ing and professional associations, only rarely 
admit Negroes and offer them opportunities 
to make their contributions on equal terms 
with whites. With the possible exception of 
the arts, the Negro is thus made dependent 
upon the more limited rewards and recogni- 
tion that he can derive from his own circum- 
scribed racial group. If it is recognized that 
success in almost all fields of human endeavor 
depends not merely upon native capacity but 
also upon opportunity, hope of reward, and 
traditions of success, it can be inferred how 
severe a handicap is imposed upon even those 
Negroes who have superior talents. Under 
these circumstances it is no wonder that the 
economic, political, and cultural advance- 
ment of the Negro has been slow. Indeed the 
Negro has remarkable achievements to his 
credit in the face of these severe, chronic, and 
cumulative handicaps. 

Discouraging as the prospect of attaining 
more nearly equal opportunities for persons 
irrespective of race might seem to be in this 
country, there are, nevertheless, some signs 
of a greater awareness of the problems in- 
volved and of a willingness on the part of 
the dominant white group, even in the South, 
to make concessions to the rising tide of 
democratic sentiment and enlightenment. 
Aside from Federal legislation and adminis- 
trative policies already referred to above, the 
Negro’s quest for equality of opportunity 
has been immensely strengthened in recent 
years by a number of Supreme Court deci- 
sions. Among these has been the reaflSrma- 
tion on April 28, 1941, by unanimous deci- 
sion of the Supreme Court, that Negroes 
traveling from one state to another are en- 
tiUed to railroad accommodations equal to 


those furnished white persons, which while 
it does not specifically do away with segre- 
gation will compel interstate carriers to pro- 
vide the same accommodations for Negroes 
and whites who buy first-class tickets. An- 
other decision of May 26, 1941, held that 
Congress has the power to regulate primary 
elections in the same manner in which it 
regulates general elections, a decision which, 
while subject to greatly varying interpreta- 
tion, may undermine the Democratic primary 
system of the South, which has debarred the 
Negro from the franchise. Of special interest 
are recent court decisions making it manda- 
tory for states which exclude Negroes from 
higher educational institutions and profes- 
sional schools to provide such education of 
approximately equal quality. A series of 
decisions in peonage cases and reversals of 
lower courts’ decisions in criminal cases in- 
volving Negroes, on the ground that Negroes 
were excluded from juries and that the de- 
fendants did not receive fair trials because 
of their race, has served as a warning to local 
jurisdictions that the Federal constitutional 
provisions establishing equal protection of 
the law irrespective of race can no longer 
be so easily evaded. The public discussion 
that has resulted from the introduction of 
anti-poll tax and anti-lynching bills may be 
regarded as a further sign that the nation 
as a whole is concerned about the nullifica- 
tion of the fundamental laws by certain 
states and localities where these laws run 
counter to the racial mores. 

The bold and outspoken statements of lead- 
ing personalities and of organizations — ^in- 
eluding many in the South — ^in denunciation 
of racial discrimination are a further sign 
of impending changes. The development of 
the CIO as a new labor organization more 
nearly free from the established prejudices 
of the older existing labor groups also augurs 
well for the enhanced employment opportuni- 
ties of the Negro on a basis more nearly equal 
to that of whites. This trend is strengthened 
by recent opinions rendered by the Attorney 
General holding that contracts between em- 
ployers and unions discriminating against 
Negroes are invalid. The passage of more 
stringent civil rights legislation in such states 
as New York and Illinois, which recently 
have received large influxes of Negro mi- 
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grants, is another wholesome step. These 
laws provide severe penalties for depriva- 
tion of equal civil rights including equal 
accommodations in private commercial es- 
tablishments. They provide further for pun- 
ishment and damages for mob violence. 
They reaffirm the right of equal access to 
omployment opportunities. The New York 
law forbids discrimination by life insurance 
companies on account of race. These steps 
are further indications of growing public 
awareness of the danger inherent in the 
spread of racial discrimination from the 
South to other parts of the country. They 
suggest a slowly emerging public policy de- 
signed to attack discriminatory racial prac- 
tices generally. 

Wctr Experiences and Post-War Prospects, 
There seems little doubt that this recently 
accentuated awareness of the discrepancy 
between our national ideals and our actual 
practices and policies in relation to race is 
connected with the character of, and our in- 
volvement in. World War II. In a very 
real sense our enemies have thrust the race 
issue upon us. They have attempted to 
make this into a racial war, and the impor- 
tant question for America, therefore, is 
whether the Nazi doctrine of race and the 
practices that go with it shall make progress 
in this country and shall be allowed to divide 
us, to undermine our national solidarity, and 
to frustrate the exertion of our maximum 
potential war effort. 

At first glance it would seem that in a 
country as diverse in its racial and cultural 
composition as ours, the propaganda of 
racism would have little prospect of succeed- 
ing and the practices of our enemy in respect 
to what they call inferior races would arouse 
universal horror and disgust. But we can- 
not talk out of existence the racial, religious, 
and cultural conflicts and prejudices which 
have flourished among us and which have 
given rise to organized movements of Nativ- 
ism, Know-Nothingism, Ku Kluxism, and 
other movements of intolerance and bigotry. 
Our enemies have demonstrated the power of 
propaganda which can thrive upon latent 
attitudes of race antagonism and race my- 
thologies, especially in times of crisis and 
under conditions of personal insecurity. We 


must expect our enemies to exploit the re- 
sentment that racial minorities feel against 
the restrictions of their constitutional rights 
to vote, to enjoy the privileges of citizenship, 
and to receive equal treatment under the 
law; against discrimination in employment 
and in public conveyances; against deliber- 
ate segregation ; against unequal educational 
opportunities; against the blocking of their 
paths of personal advancement; and against 
not infrequent mass violence. 

Unfortunately, the stark necessities of war, 
while they have made us more conscious of 
the promises of democracy, have also frus- 
trated our ability to fulffll them. Indeed, 
we have resorted, perhaps unnecessarily, to 
measures which have widened old and gen- 
erated new forms of racial discrimination. 
We have, for instance, indiscriminately 
herded Japanese residents, irrespective of 
their citizenship, into relocation centers and 
thus nullified the dignity of American citi- 
zenship and subordinated it to the criterion 
of race. We have deprived a substantial part 
of our citizenry, solely on account of race, 
of the privilege of contributing its full mea- 
sure of strength to the winning of the war. 

Among the bulwarks upon which we rely 
to protect us from being engulfed by racial 
prejudices are those found in the Preamble 
to the Declaration of Independence, in our 
Constitution, and in the Bill of Eights. 
There are few peoples in the world who have 
affirmed as high a set of principles as these 
to guide their public policy. Far as we have 
been from actually realizing the ideals ex- 
pressed in these noble state documents, they 
do nevertheless constantly remind us that 
as a nation we cherish the principle of the 
equality of men before the law and equality 
of opportunity for all. We know that not 
all men are born equal and certainly not all 
are treated as equals, but we have set equal- 
ity down as a goal toward which to strive 
and as the criterion for determining the 
soundness of public policy. We are at least 
sure of the direction in which we want to 
move as a nation. 

Race relations policies for any nation are 
no longer a matter of purely domestic con- 
cern. They are issues that concern the world 
as a whole and they will inevitably be an im- 
portant phase of the task of post-war world 



312 


THE SCIENTIEIC MONTHLY 


reconstruction. All the caste-like arrange- 
ments subordinating the colored races 
to the white group are rapidly crumbling 
under the impact of the inevitable and in- 
creasing contacts between peoples generated 
by the spread of urban industrial civiliza- 
tion. The ideals of freedom and human 
equality embedded in the religious and politi- 
cal heritage of occidental society, which were 
given new impetus by the American, French, 
and Russian revolutions, have continued to 
fire suppressed peoples everywhere with the 
ambition to improve their status. The pro- 
test against exploitation and subordination 
of one racial group by another has become 
world-wide. It has awakened the conscience 
of the dominant groups in all parts of the 
world to the indefensibility of their exclusive 
prerogatives based upon race. In the course 
of the struggle against fascism and its accom- 
panying dogma of racism, the democratic 
ideology has acquired new vitality. The 
value of racial equality has acquired such 
political force in the world that even such 
nations as Japan in the course of the war 
have found it advantageous to grant at least 
nominal freedom to some of their conquered 
territories in order to make our own promises 
of freedom to these peoples seem hollow and 
hypocritical. 

Fortunately, our record in the period im- 
mediately preceding the World War offers 
ample demonstration of the fact that we did 
not need the impelling motive of military 
expediency to adopt a more enlightened 
racial policy. Our action toward the Philip- 
pines, for instance, lends strength to the 
belief that we can resist the temptation to 
impose ourselves as imperial masters over 
other peoples and that we can win their loy- 
alty and friendship through improving their 
lot to the best of our ability. Our recent 
efforts to improve the conditions of life of 
the people of Puerto Rico, coupled with the 
suggestion by a responsible official that they 
be given the right to elect their own gover- 
nor, offer similar testimony of our decent in- 


tentions. Our relinquishment of extra-ter- 
ritorial rights in China and Congressional 
action eliminating Chinese exclusion, though 
beclouded by the fact that these actions were 
taken under the pressure of war, constitute 
other proof. 

In our own country we have been making 
strenuous efforts through a more enlightened 
policy toward the Indian to make good the 
injustices which were done him. In the case 
of the Negro, the virtual disappearance of 
lynchings, the improvement in education, 
health, housing, and welfare, the resolute 
steps toward actual enfranchisement, the im- 
provement in the administration of justice, 
and the provision through official and unoffi- 
cial action of greater employment opportuni- 
ties are other encouraging signs that have 
received widespread public support. What 
is most important of all is that for all minori- 
ties we have shown increasing concern to 
keep the door of opportunity open. 

While we are far from having eliminated 
distinctions in law, custom, conventions, 
social usages, ritual, and etiquette based 
solely upon differences in race, we are in our 
public policy definitely moving in that direc- 
tion at a faster pace than we have ever done 
before. It must be recognized, however, that 
public policy is shaped by the citizenry and 
that official action cannot in the long run be 
either too far ahead or too far behind public 
sentiment and opinion. The public senti- 
ment and opinion that wiU ultimately shape 
both public policy and private conduct is be- 
coming more world-wide in scope. America 
for centuries has been the experimental prov- 
ing ground for the principle that men irre- 
spective of their race, creed, or origin can 
live and work together harmoniously for the 
common good. If we as a nation can keep 
alive the struggle for the fuller realization 
of the ideals which we have as yet only im- 
perfectly achieved, we shall gain an immense 
source of strength against the enemy and we 
shall have a more certain prospect for build- 
, ing a better world for aU mankind. 



MENTAL DECLINE AND ITS RETARDATION 

By GEORGE LAWTON 


We all want to maintain nntil death the 
physical, social, and mental effectiveness of 
early and middle maturity. Anyone who 
could find a way of permanently arresting 
decline in any area of human activity, would 
be discovering a fountain of youth ; but I do 
not report any such discovery. 

Throughout human history both physical 
and mental rejuvenation have been sought 
through physiological agencies, and this is 
the main trend even today. However, we 
must investigate the extent to which we can 
reverse and retard mental decline solely 
through psychological techniques. This is a 
problem which respectable psychologists sel- 
dom consider, for it is not easy to free the 
topic from its association with magic and 
charlatanry. 

I 

Intelligence, that entity measured by in- 
telligence tests, matures between the ages of 
thirteen and sixteen, and stays on a level 
until the early twenties. Though we gain 
mental stature quickly, we lose it slowly; 
for the gain in ability of the last three years 
of mental age growth (13 to 16) is gradually 
lost in the next sixty years, with the larger 
portion of the decrements coming in the for- 
ties and sixties. By the age of fifty-five we 
have receded to the fourteen-year-old level. 

However, if we separate the different 
abilities involved in the total functioning 
called intelligence, we find that each ability 
has its own rate of decline and its own de- 
gree of susceptibility to remedial measures. 
Peak levels in physiological functions are 
reached earlier than in psychological ones. 
Hence, the more a mental activity includes 
a physiological factor, the more it declines 
with age. 

In what follows, mental abilities will be 
spread out in a kind of spectrum, starting 
with those mental abilities most dependent 
on physiological function, and ending up 
with those least so. 

Tision and Hearing. These functions — 
non-mental but a necessary foundation for 
mental ones — preach their peak in our late 


teens and decline slowly. At the age of fifty, 
there is normally a degree of hearing im- 
pairment for higher tones sufficient to affect 
ordinary conversation. Visual efficiency at 
the age of sixty is ten to twenty percent less 
than at forty. 

Reaction Time, This is a combination of 
speed of perception, involving the senses of 
sight and hearing, and the rapidity of mus- 
cular function. It reaches a peak in the late 
teens or early twenties. Of all the mental 
abilities, it is the most dependent on physio- 
logical function and therefore shows the 
most marked loss. 

Life gives tests of reaction time when psy- 
chologists do not. In automobile accidents 
involving pedestrians, two thirds of those 
killed are over forty. However, in an experi- 
ment of W. E. Miles, twenty-five percent of 
the seventy-year-olds had a reaction time 
equal to the average of the group, the latter 
covering the entire age range. 

Immediate Memory, Although this ability 
reaches its peak in the late teens and early 
twenties, it declines rapidly with age. For- 
getting recent events is one of the classic 
indices of senescence. 

New Learning, The work of Thorndike, 
Miles, and others has shown that the ability 
to learn new things reaches its maximum in 
the late teens and early twenties and then 
starts slowly declining. 

Jeanne G. Gilbert in a study of sixty-year- 
olds also reports that the type of learning 
in which loss is greatest is that of paired 
associates.’’ The more a task differs from 
an already existing habit pattern, the greater 
the loss in ability with age. However, imme- 
diate reproductive ability, such as making 
simple repetitions, shows relatively slight 
loss. 

Old Learning, If vocabulary is taken as 
an example, old learning declines little or not 
at all with age, first, because as earliest 
formed material it is not much affected by 
physiological decline. Second, it is learning 
that is constantly exercised. 

Judgment and Reasoning AiUity^ This 
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develops slowly in general or in a given area, 
reaches its peak latest of all abilities, and is 
among the last to go. 

The strategy of tackling problems often 
improves with age. Harry De Silva, an 
authority in the driver testing field, ob- 
serves : 

Although this decline in reactive time is important 
and should be recognized and allowed for by persons 
as they grow older, it has too often been exagger- 
ated. The older person ’s improved judgment, better 
emotional control and coolness in the face of emer- 
gencies, usually more than offset the slight loss of 
sensory capacity and motor control. In tests of 
adaptability and vigilance, older experienced drivers 
invariably rank higher than young ones. 

In driving accidents, it is the young age 
groups that are mostly involved. In indus- 
try, the carefulness, good judgment, and ex- 
perience of the older worker lead to a lower 
accident rate. We must note Pressey’s cau- 
tion, however, that in any factory there is a 
continual weeding out of the unfit. 

Creative Imagination, This apparently 
undergoes little or no decline. Through the 
use of the Kinephantom — a revolving fan 
whose silhouette appears like an animated 
ink blot — ^W. R. Miles found that younger 
and older individuals in an average popula- 
tion achieved practically the same scores. 

Creative thinking has been studied by Har- 
vey C. Lehman. For several kinds, such as 
in philosophy and medicine, the peak levels 
of achievement are at the age of thirty-five to 
thirty-nine. In music, some composers reach 
their height between thirty-five and thirty- 
nine, others reach theirs between forty and 
forty-four. Military leaders and authors of 
best books also reach their peaks between 
forty and forty-four. But the top of the 
political ladder is most likely to be reached 
by men who are between fifty and fifty-nine. 
'V^ile Lehman would place the peak of 
human physical strength and skill at about 
twenty-seven to twenty-eight, leadership in 
business and in polities is achieved thirty 
years later. 

Where the unique creative product de- 
pends largely on physiological activity, 
greater achievement will come earlier ; when 
it is more dependent on psychologic^ fac- 
tors, it tends to appear later. Borland shows 
that the average age at which the master- 
pie^ wm produced runs as follows: physi- 


cists, forty-one; inventors, poets, dramatists, 
and playwrights, forty-four ; novelists, forty- 
six ; explorers and warriors, forty-seven ; 
actors and musical composers, forty-eight; 
artists and divines, fifty; reformers and 
essayists, fifty-one ; physicians, surgeons, and 
statesmen, fifty-two ; philosophers, fifty-four; 
astronomers and mathematicians, satirists, 
and humorists, fifty-six; historians, fifty- 
seven; jurists and naturalists, fifty-eight. 

It is Lehman’s view that individuals may 
make invaluable creative contributions at 
practically every chronological age level be- 
yond early youth. Woodworth also states: 
‘‘Another condition favorable to invention 
is youth, with its openness to new impres- 
sions and its radical tendency to do some- 
thing different from what has been done 
before. But maturity also is necessary for 
socially important creative work. ... It 
would be foolish to draw a dead-line any- 
where.” 

II 

Few people live long enough to undergo 
severe obsolescence of all abilities and func- 
tions. We therefore should speak not of an 
aged person, but of an aged ability, function, 
or adjustment, whether it be physical, men- 
tal, emotional, social, or vocational. 

However, as long as we include speed fac- 
tors in our appraisal technique we will dis- 
cover a difference in efficiency between a 
group of persons in the sixties and one in the 
twenties. Miles found that by the age of 
seventy there will be an average decrement 
in strength, skill, and sensory acuity of one 
fourth to one third from the twenty-five- 
year-old average. 

If we eliminate speed and consider only 
mental power, however, the difference be- 
tween older and younger individuals is re- 
duced. Intellectual persistence — ^a non- 
speed factor — does not show age decrement. 
Even with regard to mental efficiency, indi- 
vidual differences may be as great at the 
older ages as at the younger. In most types 
of work, the decrease should not be impor- 
tant and might well be more than balanced 
by greater experience and dependability. 
As Pressey says, “To the average person, it 
is of little practical importance that he can 
not run as fast at sixty as he can at thirty; 
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at all ages, the usual pace in self-locomotion 
is the walk/’ 

Only a small number of individuals in the 
sixties under present educational and voca- 
tional conditions are capable of attacking 
with normal efficiency (i.e., as speedily) 
tasks involving new learning suited to their 
native intellect. Nevertheless, age alone is 
not a sufficient factor by which to judge effi- 
ciency in any particular work, since judg- 
ment, better integration of knowledge, and 
practice over a long period of years will com- 
pensate for losses in motor dexterity and 
sensory acuity. The older individual retains 
almost unimpaired his capacity for solving 
mental problems of difficulty equal to those 
he could solve when younger. 

Older men generally are not suitable for 
pursuits that require long periods of sus- 
tained physical activity, exposure to danger 
of bodily harm, dexterity of the hand, or abil- 
ity of the limbs. But when we need a 
thoughtful application to a particular task, 
older workers can serve as well as, or better 
than, younger ones. The indiscriminate 
shelving of men and women merely for age 
inflicts a loss upon society and the individ- 
ual. If we shift workers from those jobs 
involving speed and strength to those involv- 
ing skills which decline slowly with age, we 
can continue to utilize in industry many 
older men and women. Any defense plant 
today can provide examples of this. Let us 
hope the lesson will not be forgotten when 
the war ends. 

Ill 

The first to show that we can retard and 
even reverse mental decline was Dr. Lillien J. 
Martin, who at the age of sixty-five started 
the San Francisco Old Age Counselling Cen- 
ter. Until her death at ninety-two on March 
26, 1943, she was still actively engaged in her 
consulting work with aged clients. The writer 
is fortunate to have concluded a period of 
study with her only two weeks before her 
death and to have had access to her case 
records. 

Existing proof that mental decline can be 
retarded is clinical rather than experimental 
and is to be found mostly in Dr. Martin’s 
records. For her clients she devised a suit- 
able psycho-educational remedial exercise for 
each mental ability that showed deterioration 


and for which the prognosis of reversing 
decline seemed good. For each pattern of 
living that handicapped the old person in his 
relationship to people or his job. Dr. Martin 
tried to point a way by means of which the 
client could achieve a new and better pattern. 
The criterion for success at the Old Age 
Center has been a pragmatic one; for ex- 
ample, the individual got a new job, or did 
better on the old one, or established more 
pleasant and effective relationships with 
members of his family. 

My own readjustment work with the aged 
has convinced me that retardation and re- 
versal of decline is possible. I find that least 
amenable to psychological techniques are 
those abilities with a large physiological com- 
ponent; most amenable are those that are 
largely mental. 

However, psychologists doing rehabilitory 
work with older people find that even physio-, 
logical deficits can be outwitted through suit- 
able strategies or compensations. Every 
deficiency has two aspects, one the defi- 
ciency itself; the other the way it is used. 
Which will it be : to overcome or to be over- 
come by the effect of one’s losses? The atti- 
tude toward the declines shown by the indi- 
vidual involved and by society act and react 
on each other. If the individual disregards 
the changes that can be disregarded and 
develops substitute physical facilities or pat- 
terns of behavior for those changes that can- 
not be ignored, the world is more likely to 
accept the aged individual at his own valua- 
tion; the converse is also true. 

Pressey points out that world records in 
most sports continue to be broken. Some of 
this improvement is due to the better meth- 
ods of traming. A number of athletes, more- 
over, have had to overcome physical handi- 
caps in order to achieve championship 
distinction. If effort, practice, and ingenuity 
can bring about such gains in sports, there 
are unsuspected potentialities in almost 
everyone. An older person determined to 
utilize his resources to the maximum might 
raise his level of fitness to a degree now 
thought impossible. 

Physiological changes are largely respon- 
sible for the inability to make fresh mental 
associations. Old people talk more about the 
past partly because it has been better re- 
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corded, but also because their younger days 
are more emotionally toned, more tied up 
with a period of life in which hopes and de- 
sire for achievement and activity were at a 
and were either dramatically 
gratified or frustrated. Youth, finally, is a 
time when most persons have more emotional 
security and warm parental love than ever 
after. An older person who in the present 
has an opportunity to function and in it 
receives love and approval, does not need the 
past as a crutch. He will remember events 
in the present because he belongs to it and 
it belongs to him. Psychotherapy possesses 
great power to unhinge the old personas over- 
dependence on his past. 

While there is a decrease in the amount of 
learning which persons acquire as they grow 
older, there are minds which, because of great 
inner incentives, are able to amass knowledge 
until the most advanced ages. But even 
ordinary persons, as shown by Thorndike, 
Miles, and others, have far more ability and 
learning capacity than they ever utilize. 

Some of the decreased physiological recep- 
tivity to new learning can be compensated 
for if an old person is compelled to be inter- 
ested in it, as under wartime stress. The 
older person often pretends to be impervious 
to the world about him because he regards 
it as a threat Many a senescent exaggerates 
his sensory loss in order to escape or to pun- 
ish a world he believes does not like or under- 
stand him, a condition often caused by the 
fact that he has allowed it to grow un- 
familiar, and unfamiliarity, as we know, 
breeds contempt. 

If we reject people vocationally in middle 
maturity, and give them no opportunity or 
reason for learning, we cannot be surprised 
by the results in late maturity. The older 
men and women working in war industries 
or engaged in civilian defense have demon- 
strated a usefulness that except for the war 
might never have been realized, either by the 
community or by themselves. 


IV 

Part of the ostensible mental loss of older 
persons is simply the piling up of poor work 
l^bto; a job or life situation is of a tread- 
I type. If activity is essential to the 
of m^tal ability, this is an 


additional reason why retirement is unad- 
visable for many older people, and why every 
union and every professional organization 
should have a department which will plan 
for retirement to, not retirement from. 
People should be retired not on a particular 
day, but over a period of years by means of 
a stepping-down and retraining process, and 
through the medium of a job reallocation 
bureau, operating within the industry or pro- 
fession itself. Someday every community 
may have its schools for older people with 
courses of study designed for the special 
needs, interests, and abilities of men and 
women in the sixties, seventies, and even 
eighties, and with vocational guidance coun- 
selors doing a tailor-made guidance job for 
individual old people. 

Ultimately we also shall have to develop 
a whole repertoire of ways to utilize the judg- 
ment and experience of older people, whether 
these be in an advisory and teaching capac- 
ity, in the field of family and home relations, 
in industry, or in some work of an educa- 
tional, social service, or recreational charac- 
ter. Advisory functions might be exercised 
within the family, but since the generations 
in our culture are not always amicably dis- 
posed toward one another, a clearing house 
by means of which an older individual might 
find young people to guide would help keep 
his interest alive and his mind active. In- 
stead of pitting age against youth, we should 
strive to realize the potentialities of each. 
Cooperation, rather than competition, will 
bring out the best in each age grouping. 

A good emotional adjustment is essential 
to continued utilization of whatever mental 
efSeiency one possesses. Many factors which 
are unrelated to age or to intellectual decline 
as such, may lead to a pseudo-senescence. 
Some of these are: family dissensions; feel- 
ing of inadequacy; pressure, real or imag- 
inary, from a superior or from youthful com- 
petition; money difiSlculties; an insecure job; 
unemployment. It is fear of aging, rather 
than the aging process itself, which often 
causes a functional loss in the mental realm. 

We cannot dissociate intelligence from 
such other factors as motivation to learn, 
pressure to utilize fully what has been 
learned, and environmental opportunity. As 
Lehman points out, how can we motivate the 
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older individual as well as the younger one 
if the oldster has attained many of his life 
goals or if at some arbitrary age he is com- 
pelled to stop having goals? Does our civi- 
lization offer the older adult the same intel- 
lectual diet and opportunity to learn as it 
does the younger adult? 

It may be that some old people are either 
unable or unwilling to assimilate much new 
experience. But before we accept this as a 
psychological law we must discover how 
much new experience our culture makes 
available for them. Our society does make 
a slight attempt to meet the custodial, eco- 
nomic, and medical needs of older people. In 
peacetime, however, we make no attempt to 
provide for their mental stimulation and 
thus contribute to the preservation of intel- 
lectual abilities. 

The best solution is to have at presenescent 
age levels continuous adult education, and 
recreational, vocational, and personal gui- 
dance. A program providing for the indi- 
viduals time during the post-employment 
period should be drawn up by management 
and worker while the latter still is employed. 
The old person who, while not physically in- 
capacitated, wants to spend all his time 
‘‘resting,’’ is a neurotic now grown old. 
This he does either because of past failures, 
fear of future ones, or because he feels his 
efforts will be inadequately rewarded. The 
rocking chair type of senescent needs either 
vocational guidance, psychotherapy, or both. 
What he gets today is a better rocker. 


The ideal situation for preserving mental 
abilities is one where an old person is pro- 
vided with moderate economic security and 
medical care, but where he is constantly 
being compelled to face and solve problems 
that tax him to his mental limits though not 
beyond. Retirement allowances, medical 
care, institutions, homes — ^these no more 
meet the total mental, emotional, and social 
needs of older people than the same facilities 
would meet the needs of children. 

Best for old people would be real jobs, real 
family relationships, real and challenging 
tasks in a civilization that needs them and 
wants them. But if men and women over 
sixty cannot be given lives that are real, 
they must have them by proxy. The aged 
need schools, recreation centers, arts and 
crafts centers, sheltered work shops, adult 
playgrounds, marriage brokers, social clubs. 
They need bureaus for the exchange of ser- 
vices. They need to adopt, spiritually, young 
people and whole families ; they need volun- 
teer and part-time jobs. Recreational and 
creative activity, personal fulfillment, edu- 
tion, drawing from society and contributing 
to society — ^none of these, no matter how 
achieved, need ever end. 

The late Earl Balfour, as he lay dying, 
whispered: “This is going to be a great ex- 
perience.” To meet every changing vista or 
circumstance in terms of its power, not for 
hurt, but for enlightenment or stimulation, 
is to be prepared for waning physical powers, 
loneliness, misfortune, or mental decline. 



THE SCHOLAR AS TEACHER 

By RALPH F. SHAKER 


Away back in 1913, when I took np Biol- 
ogy at Lafayette College, I underwent an 
nnforgetable experience. Professor Alvin 
Davison did not teach as other men do; he 
led us to teach ourselves. He divided the 
substance of each course into topics which he 
assigned to the students in turn. For ex- 
ample, he assigned me the teeth of the cat. In 
the laboratory stood a small box of ordinary 
index cards. On one of these I found a few 
general directions and references. With no 
other guidance, I bent over specimens and 
books for a week. On the appointed day I 
was the professor for ffteen minutes. I 
demonstrated my specimens with the aid of 
blackboard drawings, self-made charts, and 
any other device I could think of. Each of 
the students of the class presented a similar 
report in rotation throughout the two years 
of the course. 

I doubt whether Professor Davison gave a 
half dozen formal lectures. One was a sub- 
stitute for a final examination. We had no 
tests or final examinations. Attendance at 
the laboratory was not checked. The stu- 
dents might be anywhere collecting material 
or making field tests. Microscopes, books, 
and reagents stood on their shelves to be 
taken down at will. The door of the build- 
ing was never locked. It was a common sight 
to see a lone student busy late at night chang- 
ing reagents or transferring cultures. 

Biology was not an easy course. The in- 
dustry of the ‘‘cat lab” was proverbial. 
The professor seemed busy with his own 
affairs, but he knew all that happened. The 
slacker was reproved, and the puzzled worker 
was given timely help. We students did the 
rest. 

The reader will recognize the similarity of 
Davison method to the innovations of ultra- 
modern progressive educationalists. Davi- 
son never claimed any originality; he re- 
marked once that he had been brought up in 
it by his own teacher. The method was not 
new with his teacher, either. On the con- 
trary, it has a history of some length and 
ingnificanee to American higher education. 


For its origin one must go back to Ignaz 
Dollinger (1770-1841), Professor of Anat- 
omy at Wiirzburg and Munich. A man of 
extraordinary scholarship and technical pro- 
ficiency, Dollinger is remembered chiefly for 
his pupils. His own son was the celebrated 
theologian who suffered excommunication for 
leading the opposition to the adoption of the 
doctrine of Papal Infallibility. His sons in 
spirit were Purkinje, Pander, Martins, von 
Baer, and Agassiz, every one a great man in 
the natural science of the first half of the 
nineteenth century. 

Dollinger ’s method of teaching is de- 
scribed by his most famous pupil, Karl von 
Baer, the founder of the science of embry- 
ology, Von Baer was educated as a physi- 
cian at Dorpat in his native Bsthonia. His 
medical course was interrupted in 1812 while 
he served as medical officer to the German 
contingent of Napoleon’s army on its march 
into Kussia. The horrors of the campaign 
turned von Baer from medicine to natural 
science. Someone suggested that he apply 
to Dollinger at Wurzburg. 

Taking a parcel of mosses as an introduc- 
tion, he presented himself to Dollinger : 

I gave him the package of mosses from Martins 
and explained that I wished to study comparative 
anatomy under him. do not lecture on compara- 
tive anatomy this semester, ’ ^ replied Ddllinger as he 
opened the package with his characteristic calmness 
and deliberation and began to look them over. I was 
thunderstruck. Dollinger looked over the mosses a 
while, and then noting that I still stood there, turned 
and looked me over a bit, and continued with his 
same deliberateness, ‘ ‘ But why lectures ? Bring some 
animal, any animal, and dissect it here, and after 
that sometliing else.^’ 

Casting about for material, von Baer hap- 
pened upon a leech at an apothecary shop. 
Dollinger gave him a few directions and then 
left him to his own devices. The first dis- 
section was a crude affair. Dollinger then 
brought him Spix’s monograph on the leech 
to show him how the dissection should be 
done, and directed him to repeat the work. 
In this manner von Baer progressed from 
animal to animal. At each step Dollinger 
S18 
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lent him some standard monograph, gave a 
little advice, and then left von Baer to work 
things out himself. In the same casual way 
Bollinger led von Baer into the new science 
of embryology and started him on his life 
work. 

Von Baer was what would now be called 
a graduate student, but much the same sys- 
tem of teaching prevailed in the undergradu- 
ate course in anatomy at Wurzburg. Dr. 
Hesselbach, the junior professor, carried the 
method to extremes. Beyond preparing a 
model dissection, he refused to give any di- 
rections. When asked for advice he only 
pointed out to the student the part that 
should be dissected further. He behaved as 
if he were dumb. 

When von Baer came to teach anatomy at 
Konigsberg, he introduced the modern lec- 
ture-laboratory method of instruction. His 
opinions on teaching methods are worth 
reading : 

As a rule a lecture provides little more tlian a 
stimulus for the listener. Real fruits come only from 
self -application. If the lecture attempts to give 
facts to be stored in the memory, '?7hether by pictures 
or by words, they do not sink in very deeply at the 
time and certainly are more quickly forgotten than 
when one takes pains to imprint them, and learns 
them by lingering over them long enough to become 
thoroughly familiar with them. 

The student working by himself wiU need very 
much some judicious guidance in general theoretical 
concepts and in the making of observations, and the 
guidance must be that of an experienced and discern- 
ing man who is completely at home in the subject. I 
do not consider the Professor superfluous, after hav- 
ing been one myself so many years. I do think, how- 
ever, that he should aim more to teach the students 
to teach themselves than has hitherto been the prac- 
tice in some courses. 

Instead of demonstrations by the instructor (which 
I consider only harmful), I had the student demon- 
strate his finished preparation to me. I gave the 
student help only when he showed that he had tried 
to find his own way. Every student should have his 
text beside him. 

The writings of von Baer exercised great 
influence upon Huxley. Huxley introduced 
von Baer’s methods into his teacher training 
class about 1870, and thereby started a revo- 
ludon in science teaching in England. One 
of Huxley’s demonstrators was H. N. Martin, 
who later came to Johns Hopkins and carried 
the method to America. 

Shortly afterward, F. P. Mall became the 
first Professor of Anatomy at Johns Hopkins. 


Mall was also a great admirer of von Baer. 
Mall reverted to Bollinger’s original plan 
and dispensed with lectures almost alto- 
gether. The reaction of the students is de- 
scribed by Gregg : 

Just after that conversation I saw in the street a 
student I had known when we were together at a 
boys’ camp. I taxed him for information about 
Hopkins. ‘ ' Oh it ’s wonderful, ’ ’ he said, ^ ^ and what 
teachers, — ^Welch, Howell, Abel, ... all except one.” 
‘'Is that so,” I replied, “and who is he?” “Oh 
his name is Mall. Do you know what he did the very 
first day in Anatomy? He said, ‘Gentlemen, the dis- 
secting rooms are open from nine in the morning till 
ten at night. I can recommend the three following 
textbooks. There will always be some one there to 
help you if you get stuck, and when you are ready 
to take the examination, let us know.’ Now if you 

can beat that for a of laziness you’re going 

some.” 

Mall began his work at Hopkins in 1893. 
The storm he raised in medical education still 
rages. 

The spirit of Bollinger came to America 
even more directly through Louis Agassiz. 
Agassiz lived with Bollinger in his later 
Munich days and, like von Baer, acquired a 
lifelong interest in embryology and in orig- 
inal ways of teaching, Agassiz, as Professor 
at Harvard from 1847 onward, exerted a 
powerful influence in college science depart- 
ments of his time. His way of dealing with 
students is illustrated by the following anec- 
dote of President Eliot : 

WiUiam Sturgis Bigelow, son of the eminent sur- 
geon, Henry J. Bigelow, went through the medical 
school between 1871 and 1874, but at graduation was 
not sure that he wished to be a doctor or a surgeon. 
One day he said to his father: “I want to study some 
more natural history before I decide to be a practic- 
ing physician. I want to go to Professor Agassiz’s 
laboratory and study under him.” BKs father 
thought the son’s scheme was foolish, but that he had 
better try it. On the first day Agassiz gave him a 
trilobite and said to him: “Look carefully at this 
trilobite and describe in this notebook everything you 
can see on this fossil.” He said nothing more; and 
young Bigelow worked all morning on these direc- 
tions. In the afternoon Agassiz appeared again at 
Bigelow’s desk and remarked; “That’s pretty good 
so far; but you haven’t finished by any means. Go 
right on.” Young Bigelow put in all the afternoon. 
The next morning Agassiz came in again and re- 
marked; “Bigelow, you are getting on. Keep right 
at it.” 

Agassiz was a research man of very first 
rank, a profound scholar, and gifted lecturer. 
He trained a whole generation of American 
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teachers of natural science. He was in all 
likelihood the source of the teaching methods 
used by Davison at Lafayette. 

It appears then, that some modern trends 
in education have a quite respectable history, 
and one long enough to afford a basis for 
evaluating some present-day proposals. 

There is little question that students in 
general college courses would benefit from 
fewer lectures and more self-study. One who 
has not passed through such a course as we 
had at Lafayette cannot appreciate the men- 
tal exhilaration and abiding interest in schol- 
arship that we acquired. What we taught 
ourselves, we learned forever. What the 
other students taught us may have faded, but 
we know how to get it back again. No finer 
training for life or for later teaching can be 
conceived. 

But for technical and professional stu- 
dents the case is otherwise. Life is too short, 
the amount of exact information needed is 
too great, and the significance of much of it 
too remote. A skillful lecturer is needed to 
guide the student through the maze of detail, 
to put first facts first, and to supply a tem- 
porary sustaining interest, that the student 
may hold his knowledge until experience pro- 
vides a permanent interest. Much must be 


learned by rote. Why apologize for rote 
learning ? Man and animals learn the funda- 
mentals of daily living by rote, and under- 
stand why things are done so afterwards. It 
is the only practical way to learn many 
things. 

Students and circumstances vary, but one 
thing is always needful: a teacher who is 
ein erfahrener und umsichtiger Mann der in 
der hetreffenden Disciplin vollkommen orien^ 
tirt ist. There is no substitute for critical 
scholarship and common sense. Eesearch 
ability is a noble attribute of any teacher, but 
the glamor of published papers must not 
blind us to the truth that original investiga- 
tion benefits the teacher and his students 
only in so far as it enriches and refines his 
critical scholarship. The savant deserves 
more recognition than he is accorded in our 
colleges and universities. 

What shall we say of the teacher who deals 
out the dregs of old subjects in neat new 
packages, attractively labeled, and who 
knows as much of what he teaches as the 
salesman does of the goods he sells over the 
counter? The salesman as teacher is a new 
phenomenon. He may impress business men, 
but hardly their children, unless students are 
different from what they used to be. 
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PLANT BREEDING BY INCUBATOR 
METHODS 

Not unlike the famed Caesarean section 
and the incubation of immature animal em- 
bryos is the technique employed in plant 
breeding whereby the embryo is dissected 
from the mother fruit during the growing 
season and placed in an ‘‘incubator’^ under 
aseptic conditions, properly nourished with 
various salts and a sugar supply, with the 
result that a new individual is produced — an 
individual which might otherwise have per- 
ished. 

An illustration of its usefulness is pro- 
vided by the plant breeder working with the 
stone fruits — ^the peach, cherry, plum, and 
apricot — ^and who is breeding for early-rip- 
ening varieties of these fruits. When crosses 
are made in which a very early-ripening 
variety is used as the female parent, a high 
proportion of abortive embryos are produced. 
In fact, no viable embryos have ever been 
secured from crosses involving certain varie- 
ties as female parents. To be sure, a fruit 
may be produced in the crossing, but when 
the pits are planted no seedlings develop. 

In nature, accordingly, evolution is blocked 
in the direction of breeding for still earlier- 
ripening varieties of these fruits. Both the 
fruit grower and the housewife will attest to 
the greater natural abundance of late-ripen- 
ing varieties than early-ripening sorts. Late- 
ripening varieties tend to reproduce other 
late-ripening sorts, but the early-ripening 
varieties tend to eliminate themselves by 
their failure to produce viable seed. But, 
by the employment of the incubator tech- 
nique, it is possible to breed in the direction 
of varieties ripening still earlier : it becomes 
practicable to use early-ripening varieties 
for both parents, to cut the resulting embryo 
from the mother fruit during the growing 
season before the embryo has disintegrated, 
to culture it by incubator methods, and to 
develop fruiting trees which may be the fore- 
runners of new varieties ripening even 
earlier. 

The technique in detail calls for the use of 
some suitable incubating chamber, such as a 


l-ounce glass bottle with metal screw cap, 
which must be both sterile and clean so as to 
be free from any possible source of contami- 
nation. Into the bottles is placed a nutrient 
solution containing certain essential salts and 
a source of carbohydrate, such as glucose, 
plus an agar gel as a surface upon which to 
grow the plant, since the embryo does not 
develop when submerged. A f-percent agar 
gel has been found sufficiently stiff to sup- 
port the embryo on the surface, and yet suffi- 
ciently soft to permit easy penetration of 
roots and easy withdrawal of moisture and 
nutrients for growth and development. 

The fruit is brought into the laboratory 
during the growing season at about the stage 
when by examination it has been found that 
the embryo is checked or aborted. The fruit 
is washed and carefully opened, exposing the 
seed. The seed itself is then carefully dis- 
sected so as to remove the seed coats and other 
enclosing tissues, and the naked embryos are 
removed and placed in the sterile incubator 
bottles. 

Two methods have been used ; namely, one 
employing a disinfectant of 2 percent chlo- 
rine solution and another in which no disin- 
fectant is used. While in the early years of 
study a disinfectant was found essential to 
free the culture from contamination, later 
developments have made it possible to remove 
the embryo under aseptic conditions without 
the use of a disinfectant. Growth is similar 
by both methods, the latter being superior 
for young embryos and for delicate tissues. 

After a few weeks in the incubator bottles, 
and when the embryos have developed suffi- 
cient shoot and root to support the young 
plant, the new individuals may be shaken 
from the bottle and transplanted to sterile 
sand supplied with a nutrient solution. 
When the plant has reached sufficient size 
in the sand, it may be transferred to soil, and 
finally placed in the open field for develop- 
ment as a tree. Peach, cherry, plum, and 
apricot embryos grown by this method have 
developed into vigorous trees which have 
borne fruit. In fact, so successful has the 
method been that one large nursery firm in 
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California employs a plant breeder to use it 
in order to develop varieties of peaches 
needed by Southern California horticulture. 

But this is only one specific instance. 
There are others. For example, crosses be- 
tween different species of plants are often 
unsuccessful owing to failure to develop 
viable seed — an obstacle frequently traced to 
physiological upsets and early abortion of 
seed and embryos. In such situations the 
embryo culture technique has been applied 
most successfully. For example, species 
crosses between different taxonomic sections 
of Prunus have given 72.5 percent germina- 
tion by embryo culture methods and only 4.8 
percent germination without such aid. Still 
further, 26 out of 62 attempted subgenera 
crosses of Prunus — still more distantly sepa- 
rated then sections of Prunus — ^have been 
made successfully by embryo culture, as com- 
pared with only 3 out of 304 without surgical 
assistance. The lily, too, has responded well ; 
15 species crosses have been made which have 
heretofore been listed as failing to produce 
viable seed. In the same manner many 
genetically possible but hitherto unobtain- 
able crosses have been realized. 

In all the successes so far reported with 
non-viable or abortive embryos it appears 
that the growth of the embryo is normal up 
to the time that a cheek occurs in its develop- 
ment, and that this checking is often asso- 
ciated with an interruption in the food sup- 
ply and is a starvation effect. Accordingly, 
if an external source of food is provided 
under conditions favorable for growth, nor- 
mal development continues. 

So optimistic a picture requires consider- 
able qualification. There are many instances 
in which embryos have failed to develop nor- 
mally in culture. When embryos of some 
plants have been excised from the fruit 
fairly early in development, they have re- 
mained in a living and yet arrested stage for 
months under the conditions provided. In 
other instances they have developed curious 
growth patterns, characteristic of the age of 
the embryo when removed from the fruit, 
but not at aU typical of the plant from which 
they were excised. 

Much progress is being made in improved 
conditions of culture and in nutrients pro- 


vided. For example, coconut milk has been 
found favorable for embryos of the Jimson 
weed, and young pine embryos have re- 
sponded to heteroauxin and thiamin. Ex- 
periments so far made indicate some degree 
of usefulness of embryo culture for breeding 
the following plants : tobacco, tomato, radish, 
Jimson weed, cotton, lily, violet, gingko, 
pine, cherry, apple, pear, peach, plum, apri- 
cot, rose, and olive. 

Quite aside from its value in growing em- 
bryos which are otherwise non-viable, the 
embryo culture method has been useful in 
speeding up the breeding program with cer- 
tain plants whose embryos normally do not 
germinate as soon as they mature. For ex- 
ample, the seed of the rose and of many tree 
fruits must be after-ripened at a temperature 
of about 41 degrees Fahrenheit under moist 
conditions for a period of 6 to 16 weeks, de- 
pending upon the plant. Such seed does not 
start to germinate until the second season 
after the cross has been made. But by the 
embryo culture technique it is possible to 
germinate embryos even before they have be- 
come fully mature and thus to speed the 
number of generations secured in a given 
interval of time. In fact, it has been demon- 
strated that roses can be hybridized in Sep- 
tember, the immature embryos excised and 
cultured in December, and the resulting 
plant brought to flower by April — all within 
a 7-month period. 

There are as yet many unexplored possi- 
bilities for application of the embryo culture 
technique, and many challenging questions 
are raised. For example, what is the status 
of a plant which has heretofore been con- 
sidered sterile in nature and which by culture 
of its non-viable embryos produces viable 
seed? 

And finally, many interesting relationships 
are found between the development of plant 
embryos and animal embryos. Because of 
the nature of the material, the incubation of 
immature plant embryos offers opportunity 
to observe embryos in large numbers at vari- 
ous ages and stages of development. Studies 
of the growth patterns produced and of the 
nutrients and cultural conditions required 
promise to throw light on animal embryology. 

BE. B. Txjkey 
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SOME RECENT TRENDS IN GEOLOGY 

Geology is one of the youngest sciences, 
haying acquired the status of a science about 
1800 by the publication of Playfair’s inter- 
pretation of Hutton’s classic and fundamen- 
tal observations in England. It became 
firmly established in the family of natural 
sciences by William Smith’s engineering 
work that led to stratigraphic studies and 
geologic mapping, and even more by Ly ell’s 
brilliant textbooks and articles in the 1830 ’s 
and later years. About the same time, geo- 
logic articles and textbooks were appearing 
in the United States and state geological sur- 
veys were being organized. But a revealing 
light upon the infant science is cast by Mer- 
rill’s observation that ‘‘at this date [1800 
ca.] ... none of the sciences were taught in 
the colleges and other institutions of learn- 
ing in America or England. Indeed, the 
general trend of public opinion was decid- 
edly against the study of geology. ...” 
Landmarks of progress were established by 
the appointment, in 1802, of Benjamin SiUi- 
man at Yale and the founding, in 1818, of 
the American Journal of Science. Slightly 
more than a century thus measures the time 
of geology as a research science. 

The youthful and virile science of geology 
made rapid progress during that century in 
interpreting man’s environment and in dis- 
covering and utilizing geologic resources for 
the material welfare of society. It has devel- 
oped into a mature science, the principles of 
which are of daily, widespread application 
in times of peace and of war in this age of 
the “Use of mineral resources.” Geologic 
thought on fundamental principles has had 
various trends during this century of growth, 
A few of the 20th century trends are here- 
with interpreted. 

The science of geology, like other sciences, 
has become more specialized during recent 
decades. Instead of geologic facts and prin- 
ciples being closely knit in a comprehensive 
unit, which any well-versed geologist could 
readily apprehend, field and laboratory re- 
search has resulted in the development of 
numerous branches as primary offshoots of 
the main trunk. Other sciences, particularly 
chemistry and physics, have nurtured some 
of the offspring until certain interrelations 


have become fixed. Some of the relatively 
new branches have grown into mature units ; 
for example, the Geological Society of 
America at its 50th anniversary in 1938 
recognized eight well-established major divi- 
sions of geology, which are subdivisible into 
twenty-five sections. In harmony with this 
decided trend toward specialization, the Geo- 
logical Society and the American Association 
for the Advancement of Science have assisted 
the foundiug of several specialistic profes- 
sional societies in the realm of the parent 
science of geology. 

Pure research in geology and its economic 
applications have become more closely re- 
lated during the 20th century. This trend 
no doubt will be accelerated by the urgent 
wartime need of the services of geologists 
and mining engiueers to discover and de- 
velop adequate supplies of strategic minerals 
to win the war and mature the peace. Field 
work on all the continents and intensive re- 
search in industrial and university labora- 
tories will support this trend. Pure research 
in most fields of geology may have slight op- 
portunity to be cloistered in the post-war 
epoch of international industrial develop- 
ment. 

A significant trend in economic geology has 
been the increased emphasis placed upon the 
diversity of local geologic environments in 
which recoverable quantities of petroleum 
may have accumulated. The need of exten- 
sive and intensive field exploration and labo- 
ratory research has been sharply accentuated 
by the depletion of our known petroleum 
reserves by the insatiable demands of this 
war. Full-scale post-war industrial activity 
and transportation will also require very 
large amounts of petroleum. Many types of 
“pure” research have in the last quarter 
century been skillfully applied to the solu- 
tion of the general problem of increasing 
production from known fields and of discov- 
ering new fields. 

Geophysics, the application of physics to 
the solution of geologic problems, has had a 
large part in some of the field programs since 
the first world war. The fundamental prin- 
ciples of sedimentation, once largely of aca- 
demic interest only, have been more rigor- 
ously and widely applied. The study of 
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micro-faunas, also formerly of interest 
chiefly to paleontologists and biologists, has 
become an indispensable handmaiden of the 
geologist exploring for petroleum. More at- 
tention has recently been given to all the 
factors in the regional geologic history of a 
prospective petroleum district rather than to 
one or a few factors. 

The sudden demands of the rapidly ex- 
panding armed forces and huge industrial 
plants throughout the nation for large quan- 
tities of ground water have focussed atten- 
tion upon the fact that this indispensable, 
familiar geologic resource is locally limited 
in distribution and amount and that in many 
areas geologic principles and techniques must 
be applied in order to obtain adequate sup- 
plies. In consequence of such recent develop- 
ments, ground water is becoming more and 
more recognized as being in the realm of 
economic geology. In passing, it appears 
strange that it has taken such a long time 
to classify ground water with other fluids in 
the rocks, to the acquisition of which geologic 
principles and techniques have been applied 
almost from the first industrial production. 

Geologic field investigations and laboratory 
studies, made during the 20th century, of 
the fundamental constitution of coal have 
paved the way for a forthcoming technologic 
development of great industrial importance 
and individual interest; namely, the produc- 
tion of petroleum derivatives by the hydro- 
genation of coal. Synthetic gasoline is 
destined sometime, possibly within this gen- 
eration, to take a strategic part in our 
national economy. Geologic and other scien- 
tific studies of vast deposits of '‘oil shale’’ 
also will have an important part in that 
forthcoming industrial drama. 

Clay, long considered chiefly as the prod- 
uct of certain geologic processes and as an 
e^ential raw material in the cerate indus- 
tries, has become in the last decade or two 


the object of more critical geologic analysis. 
Not only are the results of industrial value, 
but the precise, quantitative studies have 
contributed to the solution of purely scien- 
tific problems in the realm of geology. The 
value of these studies in the solution of the 
manifold problems involved in a thorough 
study of our most basic geologic resource — 
the soil — ^has only recently become widely 
recognized. The new science of soil geology 
is developing in our midst. 

Other mineral resources are being given 
precise study as never before. Limestone, 
for example, is no longer just a common 
rock. The chemical composition and physi- 
cal constitution of many common earth mate- 
rials and their relations to geologic environ- 
ments are being determined on a quantitative 
rather than a qualitative basis. Exactitude 
in geologic research is supplanting, so far as 
possible, reconnaissance generalization. 

Alongside the specialization of geology in 
recent decades and the development of more 
exact methods of field and laboratory re- 
search, another significant trend has been 
developing. In the early days of geology, 
the educated public had little difficulty in 
keeping informed about the significant dis- 
coveries and even of the development of 
some of the principal arguments. With the 
increasing specialization of the science, the 
public has wholly lost touch with many of its 
significant and socially important aspects. 
It may be more accurate to say that geolo- 
gists have lost touch with the public. A sig- 
nificant sign of the times is that numerous 
geologists have become aware of the wide- 
spread lack of knowledge by the educated 
public as to what geology is and what it is 
good for. Thus have developed more and 
more attempts to interpret the findings of 
geologic research in terms that the educated 
public can understand. 


Arthur Sevan 
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MATERNAL OVERPROTECTION'^ 

The twenty case studies in maternal over- 
protection presented in this book comprise 
the residual distillate of 2000 case records 
or 200,000 hours of ease contacts accom- 
plished at the former Institute for Child 
Guidance, New York City. Maternal over- 
protection is tentatively defined as . a 
type of neurosis, in which especially proc- 
esses of guilt result in exaggerated maternal 
care.’’ The criterion of “pure” overprotec- 
tion which determined selection of these eases 
is defined as . exaggerated maternal 
love . . . overprotection which is not deter- 
mined primarily by neurosis.” This cri- 
terion was satisfied when the following 
characteristic relationships between mother 
and child prevailed: excessive contact; in- 
f antilization ; prevention of independent 
behavior; and lack or excess of maternal 
control. These mothers, according to the 
findings of psychiatrists and social workers 
who participated in the study, manifested a 
strong ‘^maternal drive.” They were ^‘nat- 
urally maternal” women whose maternal 
behavior had been intensified by psychic and 
cultural factors. 

The life histories of the mothers revealed 
a deeply frustrated craving for love in child- 
hood, anxieties during the period of anticipa- 
tion, including in many cases a prolonged 
fear of sterility, and extra hazards concern- 
ing the child ^s health in infancy. Sexual 
incompatibility predominated in these mar- 
riages. 

Direct psychotherapy with overproteeted 
children in this study failed completely. As 
the author points out, “To expect a boy to 
overcome his mother’s overprotection and 
modify behavior highly satisfying to him was 
certainly expecting too much.” This obser- 
vation should prove useful to many clinicians 
and social workers who adhere to the grim 
do-or-die philosophy in their contacts, espe- 
cially in view of the unavoidable ego involve- 
ment which relationship therapy entails. 
This simple statement cuts many a Gordian 
knot of therapeutic failure in the clinic, 

^ MatmM Overprotection David M. lievy- 417 
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The book fairly bristles with exceedingly 
valuable clinical insights into the dynamics 
of overprotection and its treatment. For 
example, it was found that the attitudes of 
the mothers underwent little change despite 
the evidence of partially modified overt be- 
havior. These fundamentally aggressive 
women really wanted help in re-establishing 
the mother-infant relationship and resented 
the clinic’s attempt to lead the child into 
maturity. 

The most successful techniques consisted 
of direct environmental change (camps) and 
specific advice combined with actual demon- 
stration in the home. A follow-up survey 
of cases one or two years subsequent to 
therapy revealed that more than half of the 
children were partially or successfully ad- 
justed. A later follow-up of nineteen cases 
into late adolescence or adult life indicated 
that more than sixty percent of this group 
were “partially adjusted.” Whether the 
term “adjustment” is applicable in these 
cases is a debatable point. These follow-up 
studies highlight the perseverating effects of 
the silver-cord relationship. 

Dr. Levy has made an important contri- 
bution by so lucidly delineating the dimen- 
sions of maternal overprotection and offering 
an operational blueprint of its ramified struc- 
ture. The pitfalls and shortcomings of psy- 
chiatric treatment are candidly portrayed 
and should be of great value to young psy- 
chiatrists and psychiatric social workers who 
deal with this difficult problem. The multi- 
plicity of etiological factors revealed in these 
studies should prove invaluable in orientat- 
ing the accumulation of ease history material 
in situations of this type. Research workers 
will find many challenges throughout the 
book. 

The emphasis upon psychoanalytic rubrics 
might be deplored somewhat, as for example, 
such a statement as “* . . atonement in the 
form of good scholarship for the guilt of 
incestuous attachment.” One wishes that 
other findings on overproteeted boys, such 
as interest patterns, personality schedule, and 
Rorschach results, and other psychological 
and psychometric data could have been in- 
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eluded. The reader will also note consider- 
able repetition of the case history material. 
Regardless of these faults, if faults they be, 
this book may be regarded as definitive in 
its field. 

Feed Brown 

LIBERAL EDUCATION RE-EXAMINED* 

Because the American Council of Learned 
Societies “has become increasingly aware of 
various forces in American culture, and 
trends in American education, which 
threaten the very basis of all scholarship,” 
a committee was appointed to prepare this 
volume. Previous to the appointment of the 
committee in 1940, a symposium was held in 
1938 in which there were participants from 
such important organizations as the Modern 
Language Association of America, The 
National Federation of Modern Foreign 
Language Teachers, The Classical Associa- 
tion of the Middle West and South, and the 
American Philological Association. That 
symposium produced the plan for a 
“thoroughgoing study of the place of the 
humanities in education,” a plan which 
became the starting point for the commit- 
tee's work. 

The committee was instructed that its 
duties did not include a “defense of the 
humanities,” but to “develop the full values 
of the contribution that the humanities 
must make to education and to life.” And 
the committee in commenting (Preface) on 
its finished work said that its task had not 
been “to be primarily fact finding or statis- 
tical,” but “to formulate basic cultural 
ideals and educational objectives, ... to 
define a common cultural and educational 
goal, not to specify in detail the means 
whereby this goal may gradually be ap- 
proached.” Instead of outlining subjects, 
types of procedures, or integrated relations 
with other divisions of human records and 
achievements, by means of which the humani- 
ti^ may produce the desired results, the 
committee asks that “educational institu- 
tions throughout the country will attempt, 
on their own initiative and responsibility, to 
actualize the ideals here envisaged.” 

* IMeral Edmestim JRe-Bxamimd. T. H* Greene, 
Wiiston, and DigEton. xiv-flSi pp. 1943. 
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Thus it might appear that the committee 
almost absolves itself from specifics, and uses 
an argumentative procedure which for more 
than fifty years has been a common method 
of dealing with the whole difficult problem. 
The fact that all the members of the com- 
mittee and all the sponsoring organizations 
are directly concerned with the humanities 
might produce an expectancy that a reader 
of the book would meet abundant arguments 
for a very large place for humanities in 
general education. Such abundant argu- 
ments do appear; but concerning the large 
claims to which most humanists agree, it is 
stated that the members of the committee are 
not in full agreement ; and of the American 
Council of Learned Societies, it is stated 
that “the scholars constituting this body 
were themselves in sharp disagreement on 
many crucial issues.” Thus on an argumen- 
tative basis it seems that those who have 
spoken are not in full harmony. Possibly 
a fact finding basis might have produced a 
better foundation for unification in conclu- 
sions, The difficulty would have been in dis- 
closing, analyzing, and synthesizing abun- 
dant facts to support what may have been 
predetermined contentions. By saying this, 
the reviewer does not mean to say that the 
argumentative conclusions are wrong. They 
are not proved by evidences of the objective 
sort which would be expected by other com- 
petent students of the same questions. 
Therefore, the conclusions are still within 
the domain of opinion, even though eminent 
and often convincing opinion. 

A valuable point is made when referring 
to the cumulative nature of thinking about 
education. It is a mistake to assume that 
such thinking must be characterized either 
by the “horse and buggy” period or by the 
period of the stratosphere airplane. Rather 
it must be recognized that much thinking 
preceded “horse and buggy days” and there 
will be much to follow “stratosphere days.” 
Even more significant is it that all along 
between such periods constructive considera- 
tion of education proceeded. The “fear that 
present trends have threatened the founda- 
tions of a humane as against a purely scien- 
tific education” is a fear that has grown 
steadily for many decades. Entrenched 
linguistics and other humanities felt the 
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growing impact of fact-finding sciences. 
The human betterments produced through 
science and the opportunities for vocational, 
as well as scholastic careers in science, shifted 
emphasis upon educational values. Undoubt- 
edly, human desire for a livelihood as well 
as a life (the unctuous term ^‘the good life^’ 
is frequently used), helped to shift educa- 
tional emphasis from the humanities toward 
the sciences. 

It is sometimes incorrectly implied by the 
writers that most of science deals with prac- 
ticalities. It would be difficult, however, to 
arouse much public interest in adverse criti- 
cism of science because of its tremendous 
practical benefits. The book fails to note 
that point. Furthermore, it is idle talk to 
claim that persons educated through scien- 
tific pursuits are really less educated than 
are those who devote their abilities to the 
humanities. The sciences are not necessarily 
inhumanistic or uncultural, nor are the 
classics, languages, and literatures neces- 
sarily humanistic and cultural. It depends 
upon how they are approached, studied, 
used, and incorporated into one’s living. 
The statement is made that ‘‘only liberally 
minded teachers and students can achieve a 
liberal education; for such education de- 
pends essentially upon contact of mind with 
mind in dealing with significant ideas.” 
Does that mean that one must be liberally 
minded before he may achieve liberal mind- 
edness? 

Then, it is urged that the very long period 
during which certain subjects “have been 
reviewed, criticized, sharpened, and made 
more appealing and effective, . . . gives to 
these studies, which are the substance of the 
liberal arts, a unique quality which other 
disciplines can acquire only after like 
periods of developing maturity. . . . The 
liberal quality of education was bound to 
suffer by having the darling of the new edu- 
cation dominate what was left of the old. 
Science was too triumphant to be de- 
nounced.” The authors then cite and depre- 
cate the efforts of liberal arts subjects to 
become “scientific” by application of so- 
called scientific methods within their own 
fields. It seems clear that such efforts have 
not proved satisfactory. 

This reviewer has constantly watched 


throughout the book for clear statements of 
what liberal education is. Several part defi- 
nitions are given. “Liberal education seeks 
to bring into life greater refinement and 
greater intensity — ^to make it more sensitive, 
to make it more alive. ... It is ‘prepara- 
tion’ for life only in the sense that its vital 
influence is continuous and leads ever on 
from one experience to others which are even 
richer.” In the chapter dealing with “The 
Ideal Objectives of a Democracy,” when dis- 
cussing what is best for development of 
political responsibilities, it is stated that 
“the most effective type of preparation both 
for citizenship and for the good life is a lib- 
eral education. Such education is, as we 
shall see, essentially cultural in content and 
reflective in approach.” It is further as- 
serted that a liberal education is “informa- 
tive,” “disciplinary,” “liberative,” and 
“moral,” and is “the only effective educa- 
tion for the good life of the individual,” 
“Education for citizenship, accordingly, is 
identical with education for the good life. 
A liberal education is the only education for 
either objective. ... It alone can give men 
the factual knowledge, the sense of basic 
values, the perspective and critical attitude, 
requisite to responsible citizenship.” Many 
other such quotations might be made. All 
of them are similarly assertive or argumenta- 
tive and unsupported by tested evidences. 

More than one-fourth of the book is de- 
voted to the chapter on “Content of a 
Liberal Education,” of which a little more 
than two pages suffice for “The Natural 
Sciences.” Even so, the following closing 
sentence of that section is highly significant : 
“Whoever believes that it is more honest to 
face facts than to ignore them, and to inter- 
pret facts in a rational manner rather than 
an irrational manner, will value particularly 
this general contribution of science to man’s 
intellectual and spiritual integrity,” As 
expected, the really essential liberal studies, 
the languages, ancient and modern, the arts, 
literature, history, and philosophy are given 
the “central role” in a liberal education. 
And the arguments, excellently stated, in- 
clude those recorded for many decades plus 
some that are ingeniously new. We believe 
many of them. In fact, most people want 
the cultural heritage of the humanities, 
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thougli there seems to be no good reason as 
to why these cultural values may not be 
developed along with the values of other 
types of liberal education than those advo- 
cated in this book. 

Under ‘‘Various Academic Levels” the 
authors discuss, severely criticize, and make 
recommendations dealing with teaching and 
what is taught in all levels of education. 
These discussions and recommendations, 
most of which are interesting and sound, are 
strikingly more definite concerning ele- 
mentary and secondary education in which 
none of the authors is working, than are 
those concerning collegiate and graduate 
education with which the authors are pro- 
fessionally closely associated. 

Otis W. Caldwell 

MAN’S FOOD: IT’S RHYME OR REASON* 

The main (and new) character of this 
volume on food is given by the author in 
the first paragraph of his introduction: 
“This volume diflEers from other books on 
food in that it deals as much with man as it 
does with food. Its main concern is with 
man’s attitude towards food throughout his- 
tory, before and during the evolution of the 
science of nutrition.” While the book is 
written primarily for the lay public, the 
story of man's aberrations in regard to many 
good and wholesome natural foods, such as 
eggs, fish, meat, and milk, constitutes mu$t 
reading even for experts on human nutrition, 
as this story helps to explain some of the cur- 
rent dietary aberrations in our country to- 
day, and familiarity with this story wOl be 
helpful to us all, and especially to those fel- 
low citizens entrusted with the important 
duly of aiding a starving world, when the 
current war violence has subsided. 

We may a^ume that all wild animals (in- 
cluding very early man) were, at least from 
time to time, forced to eat every available 
edible article of plant and animal sources. 
And it is a fact that all forms of animal and 
l^tot life contain elements useful as human 
food, even such rarely used plant products 
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as grasses, leaves, and the fresh bark of trees. 
Very few plant and animal tissues anywhere 
in the world contain poisonous elements 
when used as human food. This being the 
case, the various taboos (religious, social, and 
sexual) against good foods developed by so 
many peoples, are in reality not primitive. 
For we cannot assume that their primary ori- 
gin was special food idiosyncrasies (food 
anaphylaxis) ; as this appears in individuals, 
not in the tribe or group as a whole. It is 
not surprising, therefore, that some of these 
food taboos are current, even among rela- 
tively educated people today, even though 
the very origin of the food taboos presup- 
poses two conditions: (a) almost complete 
ignorance as to the nature and functions of 
foods, and (b) plenty of foods not under 
taboo. Workers in nutrition would have 
found the human aspect of this volume more 
valuable if the author had cited at least some 
of his authorities. There is no literature 
reference in any of the eighteen chapters. 

Most of the specific food data and dietary 
recommendations in the several chapters are 
not only factual but clearly and interest- 
ingly presented for the lay reader. Wholly 
erroneous assertions, like the following, are 
exceptional; “The value of fruits and vege- 
tables lies wholly in their possession of small 
quantities of vitamin 0” (p. 37). But read- 
ers might ask the author for the evidence 
for the claim (p. 201) “deficiency in vita- 
mins is one of the causes for high infant 
mortality” (in U. S. A., presumably). 

There are chapters on “Table Manners,” 
“Food and Morale,” and a “Postscript on 
Freedom from Want of Food.” Consider- 
ing the times and the author's connections, 
the reader should not be surprised to encoun- 
ter some rather wishful thinking, if not lap- 
sus menti, in some of these chapters. Thus 
the author says (p. 58) that our current flour 
and bread enrichment practices “have solved 
the entire problem (of denaturing our food 
grains) pleasantly and effectively.” The 
solution may be pleasant to some, but is it 
effective for all, and for all times? Is it as 
effective as whole wheat, taboos or no taboos? 
On page 29 we read: “The percentage of 
malnutrition (in U. S. A.) is much smaller 
than the mythical, and by now classical, 
third.” This does not seem to square willi 
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his statement on page 201: surveys show 
that the majority of our (U. S. A.) popula- 
tion is malnourished. Do we have to be 
convinced and convicted of total depravity 
before we accept salvation? 

A. J. Caelson 

FOOD IN WAR AND PEACE 

When a subject becomes so popular as to 
figure almost daily on the front and editorial 
pages of newspapers, over the radio, in maga- 
zines, and in the newsreels — ^then that sub- 
ject stands a pretty good chance of being 
confounded and misunderstood. When, in 
addition, the subject happens to be food 
which is linked to science, nutrition educa- 
tion as well as war and peace, then the mis- 
conceptions, false warnings, fears, and use- 
less oratory bubbling around it may well 
reach extraordinary proportions. It is for 
these reasons that the American people are 
fortunate in having had a 1943 Christmas 
gift in the form of Food by Eoy 

F, Hendrickson and Food Enough^ by John 
D. Black. 

Mr. Hendrickson’s book is a model of clear 
exposition and complete coverage. It is in- 
tended for the layman and its style, its con- 
tents, and organization are so expertly 
directed toward that objective that the result 
is a most lucid account of the food situation 
in the United States and its effect upon the 
rest of the world. It reads like a novel and 
is written in a concise but mellow style with- 
out embellishment but with an inherent ease 
of flow which carries the reader along thor- 
oughly interested, thoroughly pleased be- 
cause he is reaUy learning point by point the 
elements of a complicated but fascinatingly 
elucidated problem. 

What is most gratifying is that the subject 
is handled with reserve, dignity, and unique 
impartiality, which are particularly striking 
in view of Mr. Hendrickson’s responsibility 
as director of the Food Distribution Admin- 
istration. There is no condescension in tone 
often displayed by so many who write for 
the laymen, and there is no trace of seeking 
to defend policies simply because the author 
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happened to be involved in their adoption. 
The book is a classic achievement in adult 
education which analyzes the food problem 
and its numerous aspects frankly and hon- 
estly with authoritative knowledge and im- 
pelling logic. 

After presenting a survey of the present 
food situation under the heading, “America 
Wakes Up — To Face a Food Problem,” the 
author considers the war tasks at home in 
the matter of adequate food for the civilian 
population, the needs of the military and the 
Allies, the problems of Lend-Lease and of 
feeding occupied lands. He next considers 
the questions of rationing, prices, subsidies, 
and the problems confronting the farmer on 
the production front. Especially informa- 
tive are the chapters dealing with the way 
Britain is solving her food problem and how 
her methods compare with our own. The 
reader is also offered a thorough picture of 
the role of food in World War I and the 
present food situation in Germany. The 
concluding chapters deal with tasks still re- 
quiring careful thought regarding post-war 
possibilities on the food front. One almost 
feels confident that if the professional Oas- 
sandras and other vociferous critics could 
only take time off to read this volume our 
road to victory would be far smoother than 
it is with their present clamor. The average 
citizen stands to learn much from reading 
this book. He will learn how difficult the 
problem has been, how much there was to do, 
how it is being handled now and how easy it 
is to be an arm-chair food philosopher offer- 
ing glib solutions for all domestic and foreign 
difficulties. But the problems of feeding our 
population, our armed forces, and aiding our 
allies are in reality quite tough. Yet these 
jobs have been done fairly well. 

Professor Black’s book runs much along 
the same lines as Mr. Hendrickson’s. It is 
briefer and amply furnished with charts and 
tables. It too is an excellent account of the 
food situation and the charts and tables it 
offers are so dear that their aid in summariz- 
ing complex data is apparent to anyone. 
Professor Black’s outline follows more or less 
the same sequence as Mr. Hendrickson’s 
since both are motivated by the logic of the 
story they have to tell. The approaches 
taken by each are sufficiently different to 
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make both books prescribed reading for any- 
one concerned in any way with food, its pro- 
duction, distribution, or nse. 

Besides its wealth of information, clarity 
of style, and plethora of data. Professor 
Black’s book is of special interest in that it 
comes from the pen of one of the ablest stu- 
dents of food economics not in the employ- 
ment of the government. His judgment is 
consistently fair and his points of criticism 
are certainly to be taken seriously. His gen- 
eral conclusions that the food situation has 
been handled with competence and as well as 
could be expected under the circumstances, 
should be encouraging to the public. His 
critical comments should be found stimulat- 
ing especially by those who are responsible 
for national strategy on the food front. 

One positive point may be made after read- 
ing these two enjoyable and instructive vol- 
umes. There can no longer be any good 
excuse for nonsense on the subject of food 
sown broadcast or otherwise dispensed by 
common people, their representatives, pro- 
fessional authors, radio commentators, or 
editorial writers. The facts are available 
and just as the public reads war books it 
should read these two works which deal with 
the basic war problem of food. Moreover, 
while intimate knowledge of the fighting in 
Italy or the Solomons does not in all likeli- 
hood make a better citizen or a more valuable 
armchair strategist, knowledge of what is 
involved in solving our food problems is a 
contribution to good citizenship. Victory on 
the food front can be achieved only by the 
wholehearted cooperation of farmer, manu- 
facturer, and consumer. It is the duty of 
each citizen to know what is involved in solv- 
ing the various aspects of the food problem. 
After reading these books, the average citi- 
zen is really put in the position of an intelli- 
gent democratic participant on the home 
front. 

Mabk Graxjbabd 


SHRUBS OF MICHIGAN* 

The Cranbrook Institute of Science and 
Mr. Billington should be commended for this 
excellent book presenting in such precise 
and readable form the shrubs of Michigan. 
In this work 161 species of shrubs, all that 
are known to occur in Michigan, are in- 
cluded, each represented by drawings of 
fruit, leaves, flowers, and inflorescence, and 
accompanied by a small map of Michigan 
outlining the counties and indicating actual 
records. 

The drawings have been very simply, 
neatly, and accurately executed, and are in- 
dispensable in a work of this kind designed 
especially for the nature lover and those who 
cannot be professional botanists. A color 
frontispiece, depicting autumnal coloration 
transforming a zone of shrubs to crimson 
against a background of dark green coniEer- 
ous trees, adds an attractive artistic feature. 

The keys to the genera and those to the 
species in the text are clear and workable, 
more especially because eighty-eight line 
drawings in a pictorial glossary illustrate 
many of the descriptive botanical terms with 
which the amateur might not be familiar. 

The reviewer feels that this book will be 
of great value to all nature lovers and ama- 
teur botanists who wish to familiarize them- 
selves with the native shrubs of their state. 
There is a need for more books of this sort, 
for they have great educational value for 
thousands of persons who have not had the 
training nor the inclination to become pro- 
fessional botanists or taxonomists. Such 
books, with the subject matter presented at- 
tractively, clearly, and accurately, are of far 
greater usefulness to the average person than 
technical monographs or manuals covering 
large areas of the country. Shruhs of Michi- 
gan by Mr. Billington is in this class. 

H. A. Allabd 

* Shrubs of Michigan, Cecil Billiagton. BuUetm 
No. 20. Illustrated. 249 pp. Dec., 1943. $2.50. 

Cranbrook Institute of Science. 



COMMENTS AND CRITICISMS 


Apology 

We shall not wait for a reader to ask ns who 
wrote the article on the work of Dr. Frank 
Schlesinger, which was published under the title, 
^^Explorer of Celestial Spaces” in the March issue 
of The Scientific Monthly, pp. 240-242. This 
article was an abridged version of an address by 
Dr. Henry Norris Russell, which he delivered at 
the exercises in memory of Dr. Schlesinger in 
Strathcona Hall, Yale University, November 19, 
1943. We regret the inadvertent omission of 
Dr. Russell’s name at the end of his article and of- 
fer our apologies to him and to our readers. — Eds. 

War Effort 

I have unfortunately misplaced the letter you sent 
me and, by goUy, I can’t remember your name. I 
think it is Carpenter, but I am not sure. At all 
events, the reproof in your letter was merited in 
part. I haven’t been asleep at the switch, but I 
found that I wasn’t as good a listening post as I 
thought. In addition to this, much of the work be- 
ing done by anthropologists today is in connection 
with the war effort and there is a certain amount 
of hush-hush about it. At aU events I have writ- 
ten an item for '^Science on the March” which 
now has to go through the red tape of army clear- 
ance. If you will sit tight for all of this rigamarole, 
you should have something from me one of these 
days. I saw Br. Moulton last Sunday and explained 
to him that I have dam near bitten off more than 
I can chew. However, I wiU keep plugging and 
will do my best. — ^Wilton M. Krogman. 

Our contributing editors are doing their best 
to supply timely and illuminating articles for 
"Science on the March.” While their articles are 
germinating or being cleared, "Carpenter” has 
been sawing wood to fill space. He regrets the 
necessity of giving our readers an overdose of 
insecticides and hopes that his specialty will not 
obtrude again. This note is written to invite con- 
tributions for "Science on the March” from our 
readers. — ^Eds. 

Diethylstilbestrol 

The objective of your new section '^Science on the 
March ’ ’ is very much worthwhile. Scientific progress 
is rapid on so many fronts that it is extremely diffi- 
cult for one to keep his head above water even in his 
i^ecial field. 

However, such a section, to achieve its purpose, 
must be edited with extreme care. In the January 
issue under the heading synthetic sex hormones” 
I find a confusion between ^^stilbestrol” and diethyl- 


stilbestrol (to use the American spelling) . This con- 
fusion is probably a reflection of the fact that in the 
U.S.A. ^‘stilbestrol” has often been used where 
“diethylstilbestrol” was meant. The Council on 
Pharmacy and Chemistry of the American Medical 
Association has not always agreed with the Pood 
and Drug Administration in this regard. 

In his original publication, Bodds reported the 
preparation and testing of several derivatives of 
stilbene (diphenylethylene). Among these were 4,4^- 
stilbenediol and a,p-diethyl-4,4'-stilbenediol. The 
latter compound has achieved considerable clinical 
use both under the name “diethylstilbestrol” and 
“stilbestrol.” The former name was first assigned 
as the “common name” by the Pood and Brug Ad- 
ministration. The Council sanctioned the latter. — 
E. Leon Foreman. 

At the bottom of the first column on page 80 of 
the January, 1944, issue of The Scientific Monthly 
the editor innocently published : "A derivative of 
stilboestrol, known as diethylstilboestrol- . . .” 
Dr. Foreman points out above that these two com- 
mon names are synonymous, both referring to 
the chemical compound a, P-diethyl-4,4'-stilbene- 
diol. The Food and Brug Administration now 
requires the commercial product to be labeled 
under the name diethylstilbestrol, which may be 
regarded as the name generally accepted in the 
United States for this synthetic sex hormone. 
—Eds. 

Interpretation 

I am wondering whether the exclamation ^^oh” 
on page 164 of the February issue of The Scientific 
Monthly was occasioned by the second sentence of 
the itein which contains two well-defined grammatical 
errors. — Curvin H. Gingrich. 

An Astronomer’s View 

Br. G. A. Lundberg’s statement concerning post- 
war efforts (“Scientists in War Time,” The S<nen^ 
tifi>c Monthly, February 1944, p. 89) that, ^‘No matter 
who wins, appeasement and compromise will occur 
because there is, practically speaking, no alternative, ’ ’ 
is surprising. If he means that m connection with 
the peace settlement, appeasement and compromise 
will not be wholly absent, few will disagree. But 
apparently he thinks that the peace terms must con- 
sist wholly or essentially of appeasement and com- 
promise, for the next sentence reads, “The only 
subjects for profitable discussion are the details of 
the appeasement and compromise, ’ ’ 

The context supplies one or two arguments for 
this disheartening conclusion. One is that after 
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World War I ^*tlie itmchinery of appeasement and 
compromise was set in motion. But does this 
fact prove that after World War II no other machin- 
ery can possibly be used? Br. Lundberg^s argument 
is marred by a misstatement. ^^No one could have 
desired a more complete military victory than that 
achieved by the Allies in the first World War.^’ It 
is reported that General Pershing desired a more 
complete victory. 

Dr, Lundberg indicates that annihilation of the 
defeated nations would be an oversimplified and 
unavailable solution. His failure to discuss a third 
possibility, namely, that after victory the Allied 
Nations might force Germany and Japan to follow 
a prescribed course is puzzling; it seems to me to 
leave his treatment narrow and unsatisfactory. 

In the absence of an impartial judge, does any 
moral principle of symmetry require that after 
the war we refrain from enforcing our ideas just be- 
cause we think we would dislike what Germany would 
do to us had she been the victor? The vigilante type 
of justice may not be ideal but it is probably better 
than none at aU. The Golden Buie is not available 
for the protection of a nation that violates it. — Paul 
W. Merrill. 

From an Editor 

Since you kindly invited my comments on the 
January issue I should like to make a few remarks. 
The choice of original articles seems to me almost 
pescfect; all of them are on timely and interesting 
subjects. I think, too, that the section on ^^Meet 
the Authors'^ is a great addition. It seems, how- 
ever, that comparatively few qualified workers in 
science possess much ability to write clearly for the 
general public; the condusion I think is that more 
^Ork diould be expeuded on editing papers of 
ViTid than almost any other type of published 

I thi-nk it might be advantageous to consider set- 
ting 1 ]^ a flman d^aitment for publication of corre- 
Ipfpcmidence. It is my belief that when suitably con- 
tnolled, eonespondence can form an exceptionally 


interesting part of a magazine or newspaper. The 
section on Science on the March is excellent and 
might I think be expanded to include items of spot 
news in science and, perhaps, even some personal 
news. — ^Edwin P. Jordan. 

To J. O. Perrine 

I cannot refrain from sending you my thanks for 
the most elucidatiug exposition of electromagnetic 
waves I have yet seen, and which I have just finished 
reading the second time. • 

I have long had a hobby in physics and enjoy the 
study greatly when as in your case the subjects are 
presented from ^'the bottom up’’ instead of from 
‘ the top down. ’ ’ I have been reading The Sctentifie 
Monthly for years and shall always preserve the 
January, 1944, issue. — David J. Lewis. 

To the New Editor 
Methinks I see Frank in his new ofdce chair, 
A-wrinkling his eyebrows and pulling his hair, 
Bedacting like mad on some horrible script 
And tT^mVing how much of it ought to be skipped. 

Correcting, amending, adjusting and then, 

By aid of his much over-worked ojBdce pen, 

Eemoving a colon, inserting a dash, 

Be-writing a sentence that’s too much like hash. 

At home and in bed, when he’s trying to sleep, 

He’ll have to count commas instead of the sheep. 

At last when he’s finally slumbering there, 

The marks diacritic wiU get in his hair. 

Inverted construction will give him a pain, 

The wrong use of words will confuse his tired brain, 
While nightmares composed of the bum paragraphs 
Cavort on his tummy with devilish laughs. 

There’s no easy chair in the editor’s suite 
And you can demolish your pants in the seat 
As fast as you could if you still were to be 
Assigned to a * * chair ” in the old B- & Z. 

— ^Baymond C. Osbum. 
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PLOWSHARES INTO SWORDS 

By E. C. AUCHTER and GOVE HAMBIDGE 


Significantly, ara is the Latin word for 
the plow, root of the Latin verb meaning to 
plow (arare) and of the English word arable. 
By a happy accident, the initials ARA in our 
alphabetized Government agencies stand for 
the Agricultural Research Administration. 
The plow, the man behind the plow, the draft 
animal or tractor that draws the plow”, the 
crops that follow the plow — all these are part 
of the complex of associations clustering 
around the name ARA. It would be hard 
to find a name that better symbolizes things 
agricultural. 

Late in 1941, in the first of the wartime 
reorganizations of the U. S, Department of 
Agriculture, ARA was created by grouping 
most of the research agencies into one unit, 
wdth an administrative head responsible for 
planning, coordinating, and directing the 
work and focusing it on the solution of war 
problems. Seven agencies are included in 
this unit : Agricultural and Industrial Chem- 
istry; Animal Industry; Dairy Industry; 
Entomology and Plant Quarantine ; Experi- 
ment Stations ; Human Nutrition and Home 
Economics; and Plant Industry, Soils, and 
Agricultural Engineering. It also has charge 
of the Beltsville Research Center. The 
Center consists of farms, greenhouses, and 
laboratories handy to Washington where 
scores of research programs are carried on, 
primarily by these agencies but also by some 
others in the Department. 

Thus ARA pulls together and integrates 
most of the research in the natural sciences 
carried on by the Department; and this 
represents a very wide range. A map in the 
central ofiSce shows that geographically the 
field stations and laboratories of ARA agen- 
cies — ^including four big regional labora- 


tories devoted to industrial uses of farm 
products and nine Bankhead- Jones labora- 
tories carrying on rather fundamental re- 
search — are sprinkled over the length and 
breadth of the country. In addition, re- 
search projects in cooperation with the Fed- 
eral Government are conducted by State 
experiment stations in every State through 
ARA’s Office of Experiment Stations. 

This varied and WTdespread network of 
research is not new, nor for the most part 
are the agencies conducting it; the Depart- 
ment of Agriculture has long been known 
as one of the leading organizations in re- 
search in the world. What is new is the 
closer coordination of all research, made pos- 
sible by unified planning and direction ; the 
stimulus and drive that result from the 
challenge of w^artime; and a large number 
of projects arising directly from the necessi- 
ties of war. 

Wanted — ^More of Everything 

At the beginning of the war the research 
work of the ARA agencies was carefully re- 
viewed and much of it was modified, within 
the framework of legislative authorization, 
to bear as directly as possible on war needs. 
In this process, long-time basic research, on 
which much money had been spent, was not 
abandoned but set aside; valuable material, 
such as breeding stocks and experimental 
orchards, has been preserved and main- 
tained, so that at the end of the war the 
work can be picked up again where it was 
interrupted. 

The nature and objectives of agricultural 
research during the war are largely deter- 
mined by the fact that for one reason or 
another war creates shortages of practically 
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everything: of materials, of men, of space, 
of time itself. Some of the resulting prob- 
lems can be met by applying the knowledge 
accumulated through many years of research 
in the past — ^knowledge that has proved to be 
a war chest of immense value. Other prob- 
lems must be met by new research, and these 
the agricultural scientists are attacking suc- 
cessfully. 

The main types of problems ARA is called 
upon to solve at this time are these : 

Bigger and better crops. There will never 
be too much of the essential agricultural 
products to meet the combined needs of the 
home front and battle front during the war, 
however generous the supplies may be in 
relation to peacetime demands. Science is 
asked to find ways to increase production. 

Protection of crops and livestock. Waste 
is inexcusable in war (except the astronomi- 
cal waste represented by war itself). Re- 
search must redouble its eJfforts to protect 
crops and livestock from their natural 
enemies. 

Shortages of feeds and foods. Good man- 
agement of the country's supplies of live- 
stock feeds and human foods in wartime calls 
for a background of thorough scientific 
knowledge. At stake are the efficiency and 
health of the Nation, including its armed 
forces. 

Shortages of other agricultural products. 
Many essential products are either no longer 
available because supplies are cut off by war, 
or scarce because they are diverted to direct 
war uses. We must learn to grow things we 
have not grown before — or find suitable 
substitutes. 

Selp for consumers at home. In scores of 
ways, consumers need help in solving war- 
time problems vital to their well-being. 
Much of this help must be in the form of 
information that is impartial, accurate, and 
backed by adequate research. 

Demands of the armed services and other 
agencies. Agricultural research is called on 
to help in solving many special problems of 
the armed services and other war agencies. 

Without writing at great length, it would 
)bo impo^ble to give a complete picture of 
the ^ricultural research that has been 
#toe or being done under these general 


headings. Out of the mass, only a few exam- 
ples can be given as important illustrations. 

Bigger and Better Crops 

How the Plant Breeder Steps Up Pork 
Production One of the most striking 
achievements of modern plant breeding is 
hybrid corn. Not a war development, it 
nevertheless came precisely in time, iike^ 
many another product of agricultural re- 
search ill recent years, to have a telling effect 
on our wartime food supply. 

In 1933 hybrid corn was making a modest 
debut on one-tenth of one percent (143,000 
acres) of the corn acreage in the United 
States. By 1938 it occupied about 15 per- 
cent. Last year, 1943, it took about 52 per- 
cent — some 15 million acres more than in 
1941. In the heart of the corn belt, Iowa, 
98 to 100 pei'cent of the corn acreage in every 
county was planted to hybrid seed last year. 
The same was true in two-thirds of the coun- 
ties in Illinois, and half the counties in 
Indiana, 

From the standpoint of war production, 
the significance of this amazingly rapid 
spread is that hybrid corn consistently out- 
yields open-pollinated varieties by 20 per- 
cent. Planting hybrid corn, then, means 
increasing production by one-fifth without 
using more acres or manpower. One statisti- 
cally minded plant breeder estimates that 
in 1942 about 630,000,000 more bushels of 
corn were produced through the use of 
hybrid varieties than would have been possi- 
ble without them, and that this amount of 
corn would make 6,900,000,000 pounds of 
pork. Thus a large share of our wartime 
pork, production can be attributed to the 
work of plant breeders. Hybrid corn is only 
one of many contributions plant breeders 
have recently made to bigger and better 
crops that fit war needs. 

No More Cows But Much More Milk. 
Dairying offers an example of the enormous 
potential increases in production, not by any 
means fully realized, that can be brought 
about by research. 

There are some 26 million dairy cows in 
the United States. The average production 
of these cows is around 4,700 pounds of milk 
a year ; it has been rising steadily for many 
years through thouse of more scientific prae- 
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POLLINATING CORN ARTIFICIALLY FOR PRODUCTION OP A HYBRID 

HYBRID CORN, DEVELOPED AS A RESULT OF RESEARCHES IN GENETICS, EXEMPLIFIES THE INFLUENCE OF 
THEORETICAL SCIENTIFIC RESEARCH IN REVOLUTIONIZING PRACTICES FOR PRODUCTION OP AGRICULTURAL CROPS, 


tiees. But scattered throughout the country 
are Dairy Herd Improvement Associations, 
controlling some 800,000 cows, the average 
production of which is over 8,000 pounds of 
milk a year. This figure is not a record but 
a practical achievement by practical farmers ; 
the present world's i^ecord production is 
41,943 pounds, and in the experimental herd 
of the U. S. Department of Agriculture at 
Beltsville, Maryland, the average produc- 
tion of cows on test is about 16,000 pounds. 

DHIA herds, of course, are better fed and 
better managed than average cows, but much 
of their superior producing ability is due to 
breeding. Dairy geneticists in the Depart- 
ment of Agriculture believe that a greatly 
widened and intensified breeding program 
would rapidly raise the production of dairy 
herds throughout the United States toward 
the DHIA level. The geneticists have elabo- 


rate figures to back up their opinion, includ- 
ing records, collected during the past six 
years, of thousands of bulls that have been 
proved to be capable of siring daughters that 
will produce more milk and butterfat than 
their dams. In most herds production fluctu- 
ates up and down from generation to genera- 
tion because of the haphazard use of good 
and bad sires. The consistent use of proved 
sires, the geneticists believe, would steadily 
and surely raise production levels. Other 
things being equal, the average production 
of our herds might be almost doubled with- 
out adding a single cow to the dairy popula- 
tion. Any such achievement would require 
a large-scale program, including much 
greater use of artificial insemination. By 
this technique, the inheritance of a good buU 
can be spread over eight or ten times as. 
many cows as by natural methods. 
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ADMINISTERING PHENOTHIAZINE TO REMOVE WORMS PROM A SHEEP 
ZOOriOGISTS OP THE U. S. DEPARTMENT OP AGRICULTURE, WHO DISCOVERED THE VALUE OP THIS NEW DRUG AS 
LIVESTOCK MEDICINE, RECENTLY DEVELOPED A METHOD POR ADMINISTERING IT IN THE ANIMAL’S SALT LICK. 


Meanwhile, the dairy scientists are going 
ahead as extensively as facilities permit to 
spread the use of proved sires. The records 
show a steady rise in production where these 
sires are used. 

Protection Against Natural Enemies 

In spite of everything that is done to com- 
bat diseases and insects, they continue to take 
a heavy toll among our crop plants and live- 
stock. Each advance, however, means that 
the losses due to some disease or insect or 
parasite are reduced, even though they may 
not he completely eliminated. 

Phenothiazine is one of the products that 
is turning out to be of great value in reduc- 
ing losse^in this case, those caused by para- 
si|ies in livestock, particularly sheep. It is 
# compound which turned up in the 

of r^eareh b^un as far back as 1928 
in. i|^ effort of entomologists to find non- 


poisonous insecticides for spraying fruit. 
Ten years later it was tested as a killer of 
internal parasites in animals, and it turned 
out to be the most useful weapon in the 
whole arsenal of anthelmintics. Thus it came 
along just in time to play a part in the war. 

Most anthelmintics are highly selective; 
they kill one parasite or group of parasites 
in one kind of animal. Phenothiazine, on 
the other hand, can be used against several 
different parasites in several kinds of ani- 
mals. It is not so potentially harmful as 
many other anthelmintics, some of which 
must be used with great care to avoid violent 
effects. Finally, it can be administered with 
more ease than many other anthelmintics. 
It need not necessarily be given as a drench 
or administered as a capsule but can be 
mixed with the feed, or, in the case of sheep, 
with the salt the animals habitually lick. 

Sheep are among the most parasitized of 
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all classes of livestock, and by the same token 
parasites are the sheepman’s v^orst problem. 
After licking salt containing 10 percent of 
phenothiazine for about a month, a sheep is 
relatively free of the worms that do the 
greatest harm Thriftier animals, more wool, 
more meat, and sounder intestines result 
from this treatment. The last point is pecu- 
liarly important in wartime. Sheep intes- 
tines are the source of the ‘‘catgut” used for 
sewing up wounds. Nodular worms ruin the 
intestines for this purpose by peppering 
them with small, gritty lumps. 

Much progress has been made recently in 
combating some troublesome livestock dis- 
eases and in breeding disease-resistant plants 
Notable in the latter field is the Pan-Ameri- 
can tomato (resistant to fusarium wilt) , wilt- 
resistant strains of alfalfa, and rust-resistant 
oats. 

Shortages op Foods and Feeds 

Fortunately, the period between the first 
and second world wars was extraordinarily 
rich in contributions to our knowledge of 
nuti’ition, so that we are able to meet the 
gigantic food problems of this war with a 
fund of scientific information never before 
available. To this knowledge, developed in 
the inter-war period, USDA nutritionists 
contributed a good deal, especially in tech- 
niques for measuring the nutritional quality 
of the diets of families and populations, and 
for translating such nutritive elements as 
proteins, minerals, and vitamins into practi- 
cal food budgets usable by an individual or 
a family, or, on a larger scale, by the produc- 
tion planners. Hence these nutritionists are 
constantly called on for fundamental assis- 
tance in food planning during the war. 

Some of their recent studies, for example, 
showed that during 1940, 1941, and 1942 the 
average civilian in the United States had a 
better diet, judged by content of calories, 
protein, fat, minerals, and vitamins, than 
during the pre-war years, 1935-39. During 
1943, according to these analyses, the levels 
for proteins, minerals, and vitamins were 
about the same as in 1941 and 1942, except 
for thiamine, which was markedly higher. 
Thus, a scientific appraisal indicates that in 
spite of heavy war demands on our food sup- 
ply, the over-all picture for civilians is not 


dark; in fact, some of the shifts m food 
habits necessitated by the war have improved 
our diets nutritionally. In particular, the 
average diet is richer in four important 
nutrients — calcium, niacin, thiamine, and 
riboflavin — ^than it was in the five pre-war 
years 

Among the shifts necessitated by v^ar is a 
lesser dependence on meat as a source of pro- 
tein, partly because the armed services need 
large quantities of meat, partly because live- 
stock necessarily compete to some extent with 
human beings for the. existing food supply. 
In general, the poorer a country is, the less 
it can afford to feed and eat animals or ani- 
mal products and the more it must depend 
on foods produced directly from the soil. 
Since war makes all countries relatively 
poorer, the trend during war, whether we 
like it or not, is inevitably toward a less 
varied diet, with greater dependence on plant 
products, particularly grains. 

Along with proteins of animal products, 
the proteins of legumes and nuts are of the 
greatest nutritive value to human beings; 
and among these, the proteins of soybeans 
stand particularly high, probably, according 
to recent research, because they include siza- 
ble amounts of certain amino acids needed 
by the body and adequately siipplied by ani- 
mal proteins. When the supply of meat 
must be made to stretch, therefore, it is 
worth-while to have soybeans to fall back on. 
Fortunately, to meet the demand for oil dur- 
ing the war, this country has become the 
world's greatest producer of soybeans, as 
noted later in this article. Crushing these 
soybeans for oil leaves enormous quantities 
of press cake which can readily be converted 
into either livestock feed or human food. 
Last fall, large amounts of soya flour and 
grits appeared for the first time on the 
American market as human food. To most 
Americans these were new food products. 

Preceding this development, ARA nutri- 
tionists made careful studies of the nutritive 
value of soybean flour and also of two other 
possible high-protein flours, made from pea- 
nuts and from cottonseed. All three gave 
remarkably good results as measured by 
their ability to promote growth in albino 
rats. The experiments showed also that the 
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proteins in these products admirably supple- 
ment those in wheat. In addition, soybeans 
are a good source of other nutrients. 

Since most Americans will be unfamiliar 
with the use of soya flour and grits in cook- 
ing, recipes for a variety of dishes from soup 
to dessert were worked out and carefully 
tested by the home economists. 

Shortages of Other Agricultural 
Products 

Developing Natural Sources of Bulher, 
For many years USDA plant explorers and 
plant breeders have done a certain amount 
of investigating and experimenting with 
rubber plants suitable for the "Western 
Hemisphere and have emphasized the need 
for mvestigations on a larger scale. War 
events proved the wisdom of this pioneering 
work and brought an immediate amplifica- 
tion of it 

The hevea tree is native to South America, 
but attempts to grow it there failed largely 
because of a devastating leaf disease. USDA 
scientists discovered resistant strains, which 
were subsequently propagated and selected 
for superior yield. Some of these strains fur- 
nished the nucleus for the present plantation 
rubber program, carried on under coopera- 
tive agreements with fifteen Latin- American 
republics. At sixteen field stations, superior 
planting material is propagated and dis- 
tributed, demonstration plantings are used 
to teach growers modern methods, agronomic 
and pathological investigations are con- 
ducted, and enormous quantities of seed col- 
lected from wild trees in the Amazon region, 
often in nearly inaccessible areas, are tested 
for further improvement. At the Ford plan- 
tation in Brazil and elsewhere, work is 
carried on in the making of carefully con- 
trolled crosses bet^vcen trees of Far Eastern 
parentage and native stock. During the past 
two years some 25 million seeds were planted 
in nurseries from Mexico to Brazil for seed- 
lings on which to graft superior, high-yield- 
ing strains. A beginning has been made in 
iie development of producing plantations. 
But hevea trees take at least six or seven 
j^trs to come into commercial bearing ; 
teiee quicker sources of natural rubber are 
bmg fully iuv^gated, 

^ Mwcan shrub, guayule, is usually 


harvested in four or five years, but when 
grown under irrigation it can be harvested 
in two years if the need for rubber is great 
This plant has been studied to some extent 
by USDA scientists for two decades in con- 
nection wdth experimentation by a private 
company. Early in 1942 the Forest Service 
started large-scale experimental plantings, 
'with AKA bureaus furnishing the research 
background and assistance. The work has 
involved studies to determine soil needs j 
pathological and entomological investiga- 
tions j the development of suitable planting, 
cultivating, and seed- and plant-harvesting 
machinery; testing of strains with possible 
superior survival value in arid regions ; and 
the development of efficient methods for 
extracting the rubber from the plant. 

The list of plants that contain rubber in 
small or comparatively small quantities is 
considerable. Some give a harvest the first 
or second year, but each has its headaches in 
the form of poor yield or poor quality of 
rubber or difficulty in extracting the rubber. 
Several of the most promising, including 
goldenrod and kok-saghyz, have been under 
intensive study by AKA researchers. 

In the case of most rubber-bearing plants, 
the problem involves a concerted attack by 
horticulturists, breeders, cytologists, pathol- 
ogists, entomologists, soil scientists, chemists, 
engineers, and others. 

Synthetic Polymers from Agricult%iral 
Sources, Meanwhile work has been pressed 
on the development of processes for making 
synthetic rubber and rubber substitutes from 
agricultural products. Information on two 
of these processes has been made public. 
One uses butylene glycol, produced from 
grain by fermentation, and the other fatty 
acids from oil-bearing seeds. Both processes 
were developed by the Northern Regional 
Research Laboratory. 

The butylene glycol process is in effect 
something of a short-cut as compared with 
the production of rubber from alcohol as the 
basic material. In both cases, the basic ma- 
terial is converted into butadiene, from which 
Buna-type rubber is made by polymerization. 
Butylene glycol also has potential uses as an 
anti-freeze and in commercial solvents. 

The oil process uses corn, soybeans, or 
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other products as source material and con- 
sists in polymerizing one of the fatty acids 
to produce a rubberlike substance. Other 
fractions of the oil are left as usable by- 
products. The USD A product has been 
called Norepol (from Northern REgional 
POLymer), but commercial firms adapting 
the process have given their products trade 
names of their own. Several companies are 
now making the rubberlike polymers which 
have characteristics enabling them to replace 
rubber for a number of uses, including 
tubing, shoe heels, plumbing gaskets, water- 
proof fabrics, and adhesives 

The butylene glycol and the Norepol proj- 
ects illustrate the value of the pilot-plant 
method now being used extensively in ARA 
research. The perfecting of a process at the 
laboratory table tells little about its practical 
value; all kinds of difficulties, great and 
small, can develop in commercial production. 
To discover and eliminate them as quickly as 
possible, a large-scale laboratory simulating 
commercial conditions — in other words, a 
pilot plant — ^is invaluable. Pilot plants for 
a number of different kinds of processes are 
in operation at the four regional laboratories. 
In addition, close cooperative relations have 
been built up with industry. As soon as a 
new process or product has reached the point 
where it looks really promising, commercial 
producers are invited to cooperate in further 
research and development. This greatly 
widens the personnel and facilities that can 
be focused on the problem and its solution. 
It is not too much to say that in some recent 
eases several years ^ work has been shortened 
to as many months by well-organized cooper- 
ation in research and the early use of the 
pilot-plant technique. 

Growing Our Own Fibers and Oils. 
Among the major products of agricultural 
oxugin that have had to be produced in vastly 
increased quantities m this country, usually 
because foreign sources of supply were cut 
off, are fibers and oils. In some eases, the 
crops involved have previously been grown 
in the United States only to a very limited 
extent, if at all. Thousands of farmers, who 
have turned to growing one' or another of 
these crops for the first time, had to be shown 
how. Seed had to be increased rapidly for 


large-scale production; in some cases there 
were no commercial supplies of seed. Suit- 
able soils had to be selected. Climatic re- 
quirements, cultural needs, disease and insect 
control, harvesting and processing methods 
and machinery — all these present problems 
that must be solved quicklj", with a minimum 
of failures and mistakes, in the case of a new 
crop urgently needed for war. 

In most cases, the research workers already 
had a stockpile of information that could be 
put to use at once ; even though a crop is not 
common!}" grown in the United States, it is 
sometimes studied experimentally on a small 
scale for one purpose or another. It was also 
possible in some cases to round up experi- 
mental stocks of seed and increase them 
rapidly enough for fairly large-scale plant- 
ing in a year or two. Needless to say, efforts 
have been made to fill the holes in our knowl- 
edge of these crops and products by intensive 
research projects designed to develop the 
needed information as quickly as possible. 

When foreign supplies of abaca, sisal, and 
jute were cut off, plans were immediately 
made to grow immensely increased amounts 
of hemp in this country as a partial sub- 
stitute for these fibers, used for bagging, 
twines, and cordage. Locations for hemp 
growing were determined; seed production 
was stepped up 3,500 percent in 1942; by 
1943 there was enough seed for some 200,000 
acres, to be planted by farmers who for the 
most part had never grown hemp before. 
Meanwhile experiments had gone forward 
to develop improvements in seed treatment, 
cultural practices, retting, storage, and other 
aspects of hemp production. 

In the making of marine and other strong, 
durable cordage, hemp cannot substitute 
satisfactorily for abaca, or so-called Manila 
hemp, produced chiefly in the Philippines 
and formerly imported into the United 
States to the extent of 100 million pounds a 
year. As far back as 1925, USD A plantmen 
began experimenting with selected varieties 
of abaca in Panama, so that in 1942 they 
were ready to undertake an immediate large 
expansion in acreage. Today, some 30,000 
acres are being grown in tropical America 
through cooperative arrangements with Pan- 
ama, Costa Rica, Guatemala, and Honduras. 
Increased production of other hard fibers in 
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Latin American countries is also being United States lias now become the worlcVs 
aetiyely encouraged. leading soybean producer, topping even 

War immediately focused the spotlight on Manchuria, famous as the Laud of the Bean, 
oilseed crops in the United States by cutting The jump in production during the last 
off huge supplies of imported fats and oils two years, needless to say, has meant a large 
and making it necessary for us not only to amount of work for USDA and State plant- 
replace them but to furnish additional huge men qualified to furnish scientific informa- 
supplies to our allies. tion for growers, especially those to whom 

In the case of soybeans, one of the chief the crop is new. In addition, the research 
potential sources, the groundwork had al- program has been stepped up and, in the 
ready been laid for a greatly expanded pro- South especially, considerably extended, 
duction. More than 2,500 types of soybeans New varieties with higher seed yield, in- 
were brought to this country from the Orient creased oil content, better quality of oil,' and 
in the 1920 ’s and 1930 ’s, largely through the good regional adaptation have been tested 
explorations of Morse and Dorsett of the simultaneously in many locations and intro- 
USDA ; and breeding work in cooperation dueed as soon as they proved their superior 
with the States has been going on actively, value. Incidentally, it is worth noting that 
The growth of soybean production in this the accelerated adoption of technological ad- 
country has been phenomenal — ^from about vances by farmers in the United States may 
5 million bushels in 1924 to 210 million in be a major outcome of the war, and one of 
1942 and a still larger acreage in 1943. The great significance, since the chief hope for 
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GHATULE PLANTS GROWING IN GREENHOUSE 

U. S. HORTICULTURAL STATION, BELTSVILLE, MD., WHERE REQUIREMENTS FOR GROWTH HAVE BEEN STUDIED. 

an expanded and flexible agricultural pro- The greatest demand from the general 

duction in the future lies in technology. public, however, is in the broad field known 

as home economics. With food rationing, 
Help for Consumers at Home instance, housewives have faced many 

A good example of direct assistance to the new problems in managing food budgets and 
public by scientists is the Victory Garden feeding their families adequately. They had 
campaign. Not only farmers but suburban to take shifting food supplies in their stride, 
and city people had gardens last year, many going without this, substituting that, and 
of them for the first time in their lives ; and taking more care to prevent waste of all 
they naturally looked to the experts, Federal kinds than most of us ever thought possible 
and State, for help. Help was given to the And this situation not only applies to food ; 
limit of facilities. A Victory Garden bulle- great numbers of items ordinarily used by 
tin prepared by a USDA plant scientist was civilians, including clothing and household 
in demand to the extent of more than 3 mil- equipment, are scarce. Conserving, mend- 
lion copies; other printed material on fruit ing, patching, making over, substituting, 
growing and on insect control was widely and doing without are words that have a 
distributed; and weekly radio programs on meaning never before realized for millions 
gardening reached a large audience, one pro- of Americans. 

gram alone bringing close to 8,000 requests How to cut down consumption of meats 
for answers to specific questions that were and fats and still have nourishing, tasty 
troubling gardeners. meals ; how to can foods safely ; how to de- 
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DELOUSING THE NEW WAY 


A SOLDIER DUSTS HIS CLOTHING WITH LOUSE POWDER 
DEVELOPED BY THE U. S. DEPARTMENT OP AGRICULTURE. 

hydrate foods at home, often with homemade 
equipment ; how to cook with a minimum of 
loss of vitamins and minerals ; how to mend 
clothes as neatly as our grandmothers did; 
how to repair a man’s suit like a professional 
tailor, or perhaps convert it into a natty 
outfit for a woman ; how to repair or condi- 
tion a sewing machine as well as a mechanic 
could do it ; how to make the old refrigerator, 
washing machine, or electric range survive 
to a ripe age without breaking down — these 
are a few of the many questions with which 
ARA home economists are deluged from day 
to day during the war. And the public looks 
to them, not for any answer, but for the right 
answer, for information that can be used 
with confidence because it is backed by 
experience and experiment. 

The home economists are drawing on 
everything they have done in these and other 
fields, and interpreting it in relation to war 
needs. Last year the public distribution of 
their bulletins, leaflets, and other printed 
material reached a total of 27 million copies 
— m. indication of the extent of the demand 
for help on the part of the public. In 
additipB, they are developing new r^arch 
jS mtitritiqn, food preparation, textiles, 


clothing, and household equipment to meet 
w’-ar situations. 

Demands op the Armed Services and 
Other Agencies 

The Battle of Bugs, ARA has cooperative 
arrangements to carry on research for the 
medical branches of the Army and Navy, 
the Quartermaster General’s Office of the 
Army, the Bureau of Supplies and Accounts 
of the Navy, and the War Food Administra- 
tion ; and requests come in from many other 
Government agencies also. 

One of the early challenges was to develop 
a better means of killing lice, in clothing and 
on bodies, than the vSlow, antiquated methods 
hitherto in use. Specifications were set up 
for what was wanted, but the military 
authorities were frankly skeptical that it 
could be done. It was done by USDA ento- 
mologists in about three months’ time, 
largely because of the stockpile of informa- 
tion assembled during many years of re- 
search with pests of livestock and crops. A 
soldier’s clothing can now be freed of lice in 
a few minutes, even at the front, by the use 
of a fumigant, without the old cumbersome 
equipment. His body can be kept free of 
lice by the use of a powder, without the old 
mass delousing procedures. Lice are carriers 
of epidemic typhus, trench fever, and re- 
lapsing fever, hence this development is a 
lifesaver as well as a contributor to comfort. 

Some of the other major insect enemies of 
man are in for rude shocks when the war is 
over and civilians can get materials now used 
exclusively by the armed services. 

USDA entomologists have developed a 
method of kilUng mosquitoes, flies, and other 
insects in closed spaces — a tent, a room, a 
barn, a greenhouse — ^which is more effective 
and convenient than the old-time sprays. 

An insecticide, an activator, and a volatile 
solvent are mixed and sealed in a small metal 
container, called a ^'bomb” because of its 
appearance. When a valve is opened briefly 
by thumb pressure, an infinitely fine mist is 
shot out by the pressure of the volatile sol- 
vent which evaporates immediately, leaving 
the infinitesimal particles of the insecticide 
floating in the air. They quickly spread 
everywhere, like an invisible fog. One puff, 
containing m little as a milligram of the 
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insecticide, will kill every mosquito in a A third of the Western Regional Research 
thousand cubic feet of space within five min- Laboratory at Albany, Calif., was turned 
utes. And mosquitoes, of course, carry yel- into a huge pilot plant to dehydrate vege- 
low fever and malaria. Immense numbers tables on a semi-commercial scale. Some of 
of these lifesaving bombs have been manu- the research personnel at this laboratory had 
factured and sent to fighting fronts. pioneered in dehydration years before and 

had a background of experience. Fairly 
Compact Foods. The war brought an early in the new program they were able to 
urgent demand for research in dehydrating draw up specifications for several of the 
foods, for reasons that are obvious — shortage more common dehydrated vegetables, as well 
of shipping space ; shortage of tin ; the need as blueprints for commercial dehydration 
for compact, readily transported food that plants of various capacities. Two dehydra- 
would remain wholesome under all eondi- tion short courses, one in the West and one 
tions without refrigeration. Dried foods are in the East, were given for commercial plant 
not new. Probably every nomadic people personnel, followed by another short course 
has used them. But this time greater quanti- for State Experiment Station personnel, who 
ties of a greater variety of dehydrated foods were being deluged with requests for advice 
were needed than ever before, and they had and assistance. In a short time a mass of 
to meet standards set by modern advances in technical data covering almost every aspect 
food technology and the science of nutrition, of the commercial dehydration of vegetables 



U.8.D.A. Photograph "by Forsythe 

PILOT PLANT, PEORIA, ILLINOIS 

SET UP AT THE NOKTHERN REGIONAL RESEARCH LABORATORY OP THE U. S. DEPARTMENT OP AGRICULTURE TO 
TEST ON A SEMI-COMMERCIAL SCALE NEW PROCESSES FOR MAKING ALCOHOL PROM VARIOUS FARM P;R0DUCTS. 
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began eommg out of this laboratory, to be 
made immediately available to the industry 
through technical jouiTials, mimeographed 
sheets, and otherwise ; much of it will soon be 
published in a bulky dehydration manual. 
Additional information came from the Plant 
Industry Station at Beltsville, Md , where 
methodical studies have been made of the 
suitability for dehydration of different varie- 
ties of vegetables and fruits grown there and 
elsewhere. 

In a word, as solid a technical foundation 
as could be built in so short a period has been 
furnished the new industry. The job is not 
finished. New research is under way, for 
example, on the compression of dehydrated 
foods to achieve further space saving. 

Meanwhile, work on the commercial dehy- 
dration of meat was started at the Beltsville 
Eesearch Center early in 1942. Livestock 
specialists, meat specialists, engineers, chem- 
ists, bacteriologists, nutritionists, and home 
economists were drawn in to make a coordi- 
nated attack on the problem and to get usable 
results and a safe, wholesome pi'oduct as 
quickly as possible. ‘Within a few months, 
specifications were drawn up for dehydrated 
beef and the first commercial bid was asked 
for by the Government. Pork followed a 
short time later. 

Among other ARA activities in dehydra- 
tion have been the inspection of egg-drying 
plants and improvements of the product; 
improvement in the packaging of whole milk 
powder, to overcome the difficult problem of 


oxidation of the fat m the milk, and, very 
recently, the development of a new method 
of dehj^drating whole-milk cheddar cheese, 
which gives a superior product, easily 
shipped and handled, and with all the quality 
of the natural cheese. 

This brief account covers only the work of 
the Agricultural Research Administration 
and only a little of that. Other agencies, the 
Forest Service, the Soil Conservation Ser- 
vice, and the Tennessee Valley Authority, 
for example, have also been engaged in agri- 
cultural research during the war; and the 
State experiment stations in particular have 
contributed a mass of information on the 
problems of producers and consumers in 
their areas. 

Much of this work, needless to say, will 
have a marked effect on production practices 
and on consumer products after the war, 
when we are ready once more to turn swords 
into plowshares; but just what the effects 
will be, and how extensive, the scientist usu- 
ally prefers not to guess. In the first place, 
too many economic and social factors that 
he cannot fully evaluate are involved. In 
the second place, he has been too immersed 
in urgent war problems to think much as yet 
about those of the post-war period. We 
badly needed such things as dehydrated 
foods, synthetic rubber, and soybean oil. 
Research made it possible to have them. The 
same research will be called on to meet vital 
post-w^ar needs, and it wall be ready. 



PICKLE HELICTITES 

By RAYMOND E. JANSSEN 


In geology ^‘helictite’’ is the name given to 
a curious twisted form of stalactite. The 
growth of helictites in eaverns is an intrigu- 
ing subject of recent investigation among 
geologists, and experiments in producing 
them artificially in the laboratory have been 
made; for example, by Lyman C. Huff 
{Journal of Geology, 48: 641-659, 1940). 
Closely resembling helictites in appearance 
are some curious growths which I observed 
and photographed on the jar lids of several 
bottles of home-canned pickles stored in the 
basement of my mother-in-law’s home. Like 
helictites, these show irregular growth pat- 
terns; but instead of growing downward or 
laterally from suspension, they grew up- 
ward. Also, these growths seem to occur 
both in a crystalline and in an amorphous 
structure. The crystalline forms are solid 
or spongy and are extremely delicate (Fig. 
1), and the amorphous forms are more or 



'FIG. l. OBYSTALLINB HBLICTITES 

BBLIOATE FORMS EMERGING FROM FIN-HOLES IN LED. 


less hollow and considerably more sturdy 
(Figs 3 and 4). Both forms may occur in 
close association on the same lid (Fig. 2). 

The first growth of this nature was dis- 
covered by my mother-in-law one day when 
she went to her basement for some jars of her 
canned goods While visiting at her home, 
my attention was called to the strange 
growth. I photographed the specimen first 
and then, upon examining it, I found that 
the growth had its start in a minute pinhole 
which had developed near the top of the 
zinc jar lid. Apparently the hole had been 
eaten in the lid as a result of chemical reac- 
tions which had taken place within the jar 
during the months since the pickles had been 
canned. “ 

There are two possible causes for such 
chemical reactions in the pickle brine. First, 
the jar may not have been perfectly clean or 
impurities may have gotten into the brine at 
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FIG. 2. TWO POEMS OP HELICTITES 

CRYSTALLINE AND AMORPHOUS ON THE SAME LID. 
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the time of canning. Seeondj the jar lid 
mar not have been secured tightly or may 
later have been disturbed so that air was able 
to enter subsequent to canning. If the latter 
was the ease, the jar must later have become 
resealed in order to permit gas pressure 
(evidenced by the bulged lid) to have been 
built up inside after the chemical reactions 
began. The latter seems more likely for two 
reasons : First, all of the jars of this canning 
batch were not affected. Second, a white 
carbonate precipitate was formed inside the 
jar, fi-lling the space around the threads of 
the lid. This area, of course, is the place 
where resealing would have to occur in order 
to make the jar airtight. 

The corrosive brine within the jar may 
have come into contact with the underside of 
the zinc jar lid in one or more of three ways * 
first, by bubbling of the liquid during reac- 
tion ; second, by capillarity of the liquid up- 
ward along the inside of the jar. and lid; 
third, by splashing the inside of the lid at 
the time of canning or by condensation of 
water vapor on it later, either event provid- 
ing a wet surface for the solution of acid 
gases or vapors. Contact of this liquid with 
the zinc produced zinc acetate and zinc car- 
bonate, of which the strange, helictite-like 
growths and other precipitated material on 
the outside and inside of the lid were com- 
posed. 

Whether these ‘^stalks’’ grew from their 
tips or by accumulation and upward pushing 
from their bases is not known because the re- 
actions which caused them had apparently 
stopped before they were observed. If they 
grew from their tips, capillarity along the 
entire length of their stalks must have been 
responsible. There is some suggestion, how- 
ever, that they might have grown from their 
bases. When the pinhole first opened, the 
gas under pressure beneath the lid must have 
escaped, and may have driven a solution of 
zinc salts through the hole and left a droplet 
to evaporate above the hole. The residual 
solids may have sealed the hole, thus per- 
mitting gas pressure to build up again under 
the lid. If, then, the pressure became suflSi- 
cient to break the seal, more solution may 
have been earri^ up through the pinhole 
and left under the fitc^ plug of zanc salts. 
Upon evaporation the r^ulting plug might 


have carried the first plug on top of it. Ee- 
peated, alternate sealing of the hole and 
eruption of gas might have thus built up the 
solid, crystalline helietites. 

The irregular, zig-zag pattern of the solid 
stalks, which could have been caused by un- 
balanced deposition of solutions, are best ex- 
plained by assuming the occurrence of suc- 
cessive eruptions of gas. The development 
of these helietites might be likened to the 
growth of the chemical “snakes’’ which 
children set off among their Fourth of July 
pyrotechnics. Also, the material making up 
the “tufts” at the tips of the stalks is similar 
in form and composition to that which is in- 
crusted on the jar lid, indicating that it may 
have been formed first and then may have 
been carried upward at the tip while the 
stalk grew in length from below. This gen- 
eral incrustation around the outside bottom 
of the jar lid is not uncommon on jars of 
home-canned pickles, and seems to form as a 
sort of “frost.” In certain jars liquid 
oozed past the rubber washer, dribbled down 
the outside of the glass, and left a streak of 
precipitate all the way down the outside of 
the jar. In some cases, such precipitate is 
known to have formed before the formation 
of the helictite-like growths 

Several months after the first helictite-like 
specimen was discovered, similar growths 
were found to have appeared on several 
other jars belonging to the same batch of 
pickles. All these growths occurred on jars 
which had been canned during the summer 
of 1937. These jars had then been placed 
on a shelf about six inches above the fioor in 
a cool, dark, damp corner of the basement. 
Most of their contents were consumed by the 
family within the next season or two, but sev- 
eral jars remained untouched until Febru- 
ary, 1940, when the first growth was observed 
and photographed (Fig. 1). At that time 
there was no indication that any of the other 
jars of pickles was in the process of spoiling ; 
hence they were allowed to remain on the 
shelf. It was not until August 30, 1941, that 
the growths shown in Figures 2 and 3 were 
discovered. Since these growths were not 
anticipated, no observations of the jars had 
been made during the interval; hence it is 
not known how much time was required for 
the growths to attain their pictured state of 
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PIG. 3. TUBULAR AMORPHOUS TYPE 


FIG. 4. NINE MONTHS LATER 


development. That they attained their 
growth solely within the period from Feb- 
ruary, 1940, to August, 1941, however, is 
established. 

One of the most interesting of these 
growths is the tubular form shown in Figure 
3, together with the secondary spine which 
later emerged from within the tube (Fig. 4). 
In miniature, this primary growth was not 
unlike the formations which are built up 
around the surface openings of geysers and 
hot springs. This specimen was first ob- 
served and photographed on August 31, 
1941. It was then replaced in the same po- 
sition on its shelf in the basement, and again 
observed and photographed on May 31, 1942, 
at which time the secondary growth, ap- 
proximately li inches long, had emerged 
from the hollow of the original growth. Un- 


fortunately, this secondary spine was not 
observed until after growth had stopped. 

The materials that gave rise to these curi- 
ous, helictite-like growths included vinegar, 
salt, sugar, mustard seed, celery seed, and 
onions in addition to the cucumbers. The 
canning was done hot, and the jars were 
filled up to the brim with brine. 

The close resemblance of these growths to 
cavern helictites may, or may not, be signifi- 
cant. The conditions that existed in the 
dark, damp, slightly drafty basement where 
they grew were not vastly unlike those pre- 
vailing in a cavern. So far as known, such 
growths have not heretofore been reported. 
Because of their remarkable similarity in 
appearance to some helictites, I have chosen 
to call them by the absurdly appropriate 
name of “pickle helictites. ’’ 


THE FORBIDDEN LAND 

By MARY ELLEN GOODMAN 

In the days when the cautious, and perhaps Hence the chief supply of water comes from 
very wise, Chinese induced the Dalai Lama the fairly numerous rivers fed by melting 
to close his country to the “White Devils,” snows Springs are rare and usually thermal 
Tibet became to Europe a legendary forbid- and sulfurous ; the lakes, while numerous and 
den lantl Those incautious souls who defied sometimes very extensive, are often brackish. 
Its regulations and dared its rigors found it “Natural” trees occur but rarely, save in the 
no less forbidding than forbidden. From extreme south and east of Tibet. Elsewhere 
the Himalaya and the Karakoram on the the barren, stony or icy reaches produce only 
south and west to the Kun-Lun, Akka-Tagh, a few stunted bushes, a rare willow or eotton- 
and Altyn-Tagh on the north, the Tibetan wood, coarse grass and, in the higher alti- 
borders are defended by the world’s most tudes, moss. The natural fauna — sheep, 
formidable mountain ranges. Across these bharal, gazelle, wild ass, wild yak and even 
vast heights, tremendous open plains, and the domestic yak — subsists mainly upon the 
treeless valleys sweeps a howling wind from moss. 

mid-morning until sunset. During perhaps Of Tibet’s 700,000 square miles, six-sev- 
four months of the year the milder parts of eiiths are estimated to be uninhabitable. Its 
Tibet are free from frost. Between October population of three to four millions, few of 
and May there is very little precipitation, whom probably reside at an altitude below 
but in July and August there are occasional 10,000 feet, is concentrated in the southern 
violent thunderstorms, particularly on the and eastern portions of the country (Fig. 1). 
western highlands and northern plains. The northern plain, the Chang Tang, is 
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peopled only at its southern border. Ele- 
vated to 16,000 feet and more, it produces 
no crops or trees, and boasts little of value 
to man save salt lakes rich in potash, borax, 
and soda. 

In the river valleys of southern Tibet are 
the cities and converging highways/^ the 
farms and the better pastures. This area 
falls away to a mere 10,000 feet, and woods 
and the less hardy crops flourish. In south 
central Tibet lie the three principal cities: 
Shigatse, Gyangtse, and Lhasa. 

Eastern Tibet, deeply carved by great 
luver valleys, slopes to 6,000 feet. Here is 
the most fertile part of Tibet. Such trees as 
willows, poplars, and cottonwoods are planted 
and cherished in walled parks. In private 
gardens walnuts, apricots, peaches, apples, 
bamboo, cypresses, and pines are grown. 
Except for the walnuts, the fruit borne is 
small and poor. Vegetables such as cab- 
bages, peas, beans, potatoes, turnips, and 
radishes are here produced, as well as a 
variety of imported garden flowers. Forests, 
water, good grazing, and mineral wealth are 
more abundantly available than elsewhere in 
this elevated land. 

As to the people themselves, they are be- 
lieved to have come originally from the 
northeast, from the vicinity of Kuku Nor. 
These early Tibetans were doubtless pure 
pastoralists, and of a physical type still best 
represented among the pastoral tribes (Fig, 
2). The sedentary peoples show Chinese 
admixture in increasing concentration to- 
ward China, and Nepalese, or Kashmiri 
toward the southwest. The "‘primitive’’ 
type is probably the short, brachycephalic 
Mongoloid, though dolichocephals are fre- 
quently observed, particularly among the 
upper classes and the priesthood. 

Native tradition ascribes Tibetan ethnic 
origin to an ape-god and a female demon, 
and the flood motif is not lacking. Accord- 
ing to Chinese tradition, the early Tibetans 
were an inferior people driven out of China 
to the vicinity of Kuku Nor in the twenty- 
third century b.c. Tibetans attribute many 
of their more complex culture traits to their 
traditional first king, who came from India 
in the first century b.o. The Tibetan alpha- 
bet is said to be based on the Indian as used 



PIG. 2. NOMAD IN MABKET PLACE* 

m TVPICAL TIBETAN FASHION HE BARES HIS RIGHT 
SHOULDER DURING THE WARMER HOURS OF THE DAY. 


in Kashmir, while the major linguistic afiSn- 
ity of Tibet is with Burma, The complica- 
tion of Tibetan culture above the postulated 
original pastoralism may be attributed 
largely to borrowings from China and India, 
the former being the chief source of mate- 
rial culture. 

The modern line of Tibetan “priest-kings” 
was begun in 1270 by decree of the Great 
Khan, who, having been converted by the 
high priest of a large Tibetan monastery, 
indicated his approval of this gentleman and 
his good works by turning over to him the 
sovereignty of his country. Three or four 
centuries earlier the Tibetan nobles had 
adopted Chinese silk garments, surrounded 
themselves with Chinese scholars, sent their 
children to study the classical literature of 

*AU photographs are reproduced by courtesy of 
the Peabody Museum, Harvard University. 



350 


THE SCIENTIFIC MONTHLY 


China, and had workmen brought from Sin- 
gan to mal^e paper and ink. In the eighth 
century they had threatened the power of 
China itself, but their kingdom became dis- 
membered by civil wars as a result of the 
conflict between civil and priestly powders. 
Then followed a period of persecution of the 
religious leaders, during which Buddhism 
was suppressed for some seventy years, only 
to rise triumphantly with the support of 
Kublai Khan, and China has since not ceased 
to support the clergy. The finger of 
Chinese political influence has never been 
entirely absent from Tibetan affairs, though 
a marked diminution of the pressure took 
place with the ascendancy of the star of 
British political fortunes in this area, and 
with the 1911 revolution in China. 

European influence has brought into Tibet 
(most particularly in Lhasa) such cultural 
innovations as kerosene lamps, an electric 
plant and its limited use for lighting, a wire- 
less transmission set, a postal and telegraph 
system, soap, tooth brushes, silver tea sets, 
the gramophone, and a slight tendency among 
the gentry to observe European social habits. 






FIG. 4. TOWNSMAN IN WOOLEN GOWN 

HOLDINO A PRAYER TRUMPET AND A PRAYER WHEEL. 


These innovations are, however, extremely 
limited in scope. Tibetans in general have 
apparently changed their ways but little 
since the major revolutions induced in their 
lives by the introduction of tea and of 
Buddhism, of which the former was perhaps 
the more revolutionary. 

As to economy, there is to be found among 
Tibetans a range between near-subsistence 
nomadism and highly-developed business 
enterprise involving full-time traders, finan- 
cial experts, and the basic principles of Euro- 
pean commerce. 

Prom the viewpoint of modes of subsis- 
tence, Tibet divides itself into the region of 
tents and that of houses. This division rests 
primarily upon geographic and climatic fac- 
tors, tents being pre-eminently the dwellings 
nf the nomad herdsmen, though some few of 
the latter live in houses. Toward the south 
and east, in regions suitable for agriculture, 
tents mingle with stone houses and are grad- 
ually entirely displaced thereby. Semi- 
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commercial economy prevails in both spheres, 
however, the herdsman exchanging his sur- 
plus commodities for those of the peasant, 
without which he could scarcely survive, and 
both depending to some degree upon im- 
ported articles, especially tea. The peasant 
household may be expanded to the scope of 
the feudal estate, on which the farmer ex- 
changes a part of his labor for commodities, 
but the economic unit is in any ease essen- 
tially the domestic one. Even manufacture 
for export, as of Tibetan carpets, takes place 
within the feudal household. 

Pastoralism having been identified with 
the tent, a survey of this mode of subsistence 
might well begin with a closer inspection of 
this shelter. It is fabricated by the Drok-pa 
and his family, and, by its durability, port- 
ability, and wind resistance, is excellently 
adapted to his mode of life. The Tibetan 
tent is of black yak-hair fabric in two pieces 
brought together at a horizontal ridge-pole. 
Between these an aperture is left for ventila- 
tion and the escape of smoke. The ridge-pole 
is supported by a pole at either end; the 
cover is tightly stretched by cords fastened 
to the sides and corners, which are passed 
over short poles some distance from the tent 
and firmly pegged down. The lower edge, 
too, is held down by iron pins or animal 
horns. The tent may be twelve to fiLPty feet 
in length, housing usually five or more per- 
sons, and is rectangular in shape. About it 
a wall of mud, stone, or dung serves as pro- 
tection against wind and snow, as a con- 
venient fuel supply, or as protection against 
brigandage. In places of longer occupanej’' 
the walls of the shelter may be of sod or 
stone with a felt roof, while temporary wall 
shelters may be built up of whatever mate- 
rials are at hand — ^perhaps the bales of wool 
being transported to market — and left open 
to the sky. 

In the center or near the entrance of the 
tent will be found a stove-like structure of 
mud or stones on which a brass kettle or two 
will be set over a dung fire. Along the walls, 
or stacked to form recesses, are cooking uten- 
sils, buckets and churns, rugs, strips of felt 
and blankets for bedding, saddles, and 
leather bags containing food. Phils of milk, 
cream, curds and cheese stand about, and 
perhaps a basket of tea leaves once used and 


saved for another service, as well as a collec- 
tion of bones, one bone from each animal 
eaten having been preserved. At the back 
of the tent is the “cupboard of the gods’’ 
before which lies a large block of wood which 
constitutes the place of honor in the house. 
At this shrine a butter-lamp burns to the 
“Great Name.” 

The peasant is sheltered by a flat-roofed 
structure of stone slabs held together with 
mud, or of sun-dried bricks. These wind- 
proof walls have only few and very small 
windows, if any. The better homes boast 
wax cloth, paper or, rarely, imported glass 
in the windows. In any case the windows 
are nearly always covered with wooden shut- 
ters. The homes of the poor have a yard at 
the front or back, but the houses of the pros- 
perous are arranged around an inner court 
and may boast several stories. In the latter 
case the ground floor may be completely cov- 
ered and serve as a stable and storehouse, 
while on the first or second floor will be a 
verandah, consisting merely of a room of 
which the outer wall has been removed. 



FIG. 5. TIBETAN LAMA 

*WBARIXG THE PEAKED HAT OF HIS PAETICULAR SECT. 
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Access to upper stories is gained from the 
courtyard by rough stone steps, a ladder, or 
a notched log. The roof is of beaten earth 
or, in forested areas, of long, pine shingles 
weighted with stones. In large rooms wooden 
pillars, sometimes carved and painted, will 
be used as interior roof supports. The roof 
is a functional part of the Tibetan home*, 
there will be found prayer flags, a pot of 
incense, firewood, drying pots, perhaps 
onions growing in boxes, and a chained 
watchdog. No bolts or nails are used, and 
as Bell states in The People of T%bet, ‘^dove- 
tailing is an art which is thoroughly under- 
stood. ” Floors are of small pebbles and 
earth beaten down and polished with oil, or 
of roughly smoothed planks A tendency 
toward colorful architectural embellishment 
is notable in the decoration of the great 
wooden gate by which ingress to the more 
pretentious homes is usually gained. This 
gate may be beautifully carved and brightly 
painted, perhaps with the swastika signifi- 
cant of durability, or the traditional “Mon- 
gol Leading Tiger” scene for luck. 

Furnishings of the homes of the well-to-do 
farmers will include a few small tables, 
heavy wooden chests arranged along the 
walls and some mattresses stuffed with wool 
or straw and bound in cloth. Every home 
of any pretensions must have a “religion 
room.” In the house of the farmer it will 
contain his better clothes, the ornaments of 
his women, and other valuables stored in 
chests or cupboards, some images, and butter 
lamps. The homes of the wealthy may con- 
tain two or more such rooms, elaborately fur- 
nished with ritual objects, art objects, sacred 
books, and so on ; the walls and ceilings may 
be covered with cotton cloths or Chinese 
brocades, while the floors will be thickly car- 
peted with woolen blankets, Tibetan rugs, 
and large pieces of felt. Art and religious 
obj-ects, often of Chinese workmanship or 
inspiration, predominate among the furnish- 
ings of the better homes. Functional fur- 
nishings are apparently rather few. 

The house of the farmer, like the tent of 
the nomad, is likely to be situated on high 
and sloping ground. The great city man- 
sions may be on the level plain, however, and 
are usually surrounded by a grass-carpeted 
park in which a few trees are cherished. 


Here may be a little “pleasure house” which 
becomes the center for outdoor entertaining:, 
especially during the summer. 

There is yet another class of structure: 
the great public buildings of the metropoli- 
tan centers. Greatest of these is the Potala, 
the monastery-palace of the Dalai Lamas. 
The lower walls of such buildings are of 
granite; the upper, of mud bricks partially 
surfaced with red-dyed mortar on which 
golden monograms and emblems may be effec- 
tively set. Interiors of public buildings are 
said to be disappointing. According to F. 
Spencer Chapman, ‘ ‘ Dark passages, slippery 
with centuries of spilling of Tibetan buttered 
tea, lead with no apparent design from as- 
sembly hall to shrine, and from temple to 
private apartment.” However, color is 
again to be found in the painted beams and 
pillars which support the ceilings. The arch 
is not used, and upon the square poplar pil- 
lars rest transverse willow poles laid a foot 
or more apart, and above these, smaller 
branches are laid at an angle, giving a pleas- 
ing herringbone effect. Above the branches 
is laid the flooring of the upper story. 

As the forms of shelter reflect the diversity 
and complexity of Tibetan culture, so also, 
though to a somewhat lesser degree, do modes 
of dress and personal adornment. These are 
matters of considerable importance to both 
sexes, and are indicative of social and eco- 
nomic status, occupation, and locality. Bril- 
liant colors and rich fabrics are preferred, 
with emphasis among the gentry upon im- 
ported Chinese silks, embroideries, and furs. 
The standard article of clothing, for both 
sexes and all classes, is a very full gown 
with a high collar and very long sleeves. 
Among the herdsmen of the north it is most 
likely to be made of unlined sheepskin (Fig 
3), perhaps adorned with edgings of panther 
skin or colored wool. Among the peasants 
it may be of yak hair or leather, and in the 
towns of blue or dark-red wool (Fig. 4), or 
of silk, perhaps fur-collared, while among 
the lamas it is colored red or yellow, depend- 
ing upon the order to which the individual 
belongs. In summer this gown may be of 
native cloto or of imported silk ; in the win- 
ter, of sheepskin or cloth lined with lambskin 
or wadded cotton, depending upon the re- 




riG. 6. A GROUP OP WOMEN WEARING THEIR HAIR IN THE TRADITIONAL 108 BRAIDS 

THIS HAIRDRESS WAS SUGGESTED BY THE 108 VOLUMES OP THE * ‘ KANDYUR, ^ ^ THE TIBETAN BIBLE OR CANON. 


sources of its wearer. Always it is tied 
tightly about the waist with a woolen, cotton, 
or elaborate silken band, and bloused above. 
The capacious pocket'’ thus formed is likely 
to bulge with a collection of personal odd- 
ments. The robes of workers will be pulled 
up to the knee ; those of the gentry, priests, 
and women will fall .to the ankle. Beneath 
this gown may be worn a sleeveless shirt and 
perhaps a waistcoat of any of the available 
materials. Over the gown, in central and 
eastern Tibet, the women wear a broad, vari- 
colored apron. The ceremonial dress of chief 
lamas and officials is more likely to be Chi- 
nese in both pattern and material. 

Shoes are of two types: Chinese and na- 
tive. The latter have ‘‘uppers” of Tibetan 
cloth, felt, or leather, usually varicolored and 
reaching to the knee. The soles are made 
of thick rope or raw yak skin. Chinese boots 
are of mid-calf height, with velvet tops and 
leather soles. 

Headcoverings assume a great variety of 
shapes and types. In winter they are prefer- 
ably furred, but felt is the material most 
widely used, with cloth a close second. The 
people of eastern and northeastern Tibet 
often go bareheaded, while the nomads may 
cover their heads and ears simply with a 
strip of sheepskin. On their shaven heads 



PIG. 7. A TIBETAN LADY 
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Fia 8. EXAMINING CHINESE BRICK-TEA 


the lamas are likely to wear a peaked cap, 
variable as to size and color (Pig. 5). 

Personal adornment of less functional 
nature goes chiefly to the head, particularly 
of women. The hair of nomadic women is 
decorated with three ornamented bands 
reaching nearly to the ground, or worn in the 
traditional 108 braids (Pig. 6). On the fore- 
head may be worn a large jewelled disc. , 
Sedentary women more often wear their 
hair twisted and twined through large and 
cumbersome wooden frames, or parted in the 
center and built out into a huge wedge on 
either side. Men, especially herdsmen, wear 
rings in their hair as well as an ornamented 
band fastened to the queue, which is worn 
wrapped around the head or hanging loose. 

Finger-rings, charm-boxes, necklaces, and 
earrings are nearly universal (Pig. 7). A 
large silver ring or drop, set with semi-pre- 
cious stones, is usually worn in the left ear, 
while a rough turquoise is worn in the right 
ear. The charm-box is a more or less elabo- 
rate and heavy affair worn suspended about 
the neck and containing script and pictures 


especially prepared by a lama for the ward- 
ing off of colds, coughs, and other bodily ills. 

The Tibetan, especially the nomad, usually 
carries in the pocket of his gown such acces- 
sories as a knife, a needlecase, a tobacco-box, 
a pipe, a cup, a powder-horn, and a tinder- 
box. In many districts it is no doubt both 
prudent and customary to carry about the 
person a weapon of some sort. While the 
bow is the traditional heavy weapon, the 
sling is apparently now in most common use 
among the poor. A straight, two-edged 
sword, perhaps a long rapier stuck through 
the belt, and a six-foot lance with an iron 
head and light shaft complete the armory. 

^‘Man does not live by bread alone,’’ but 
in Tibet, by all accounts, he might almost 
live by tea alone. Chinese tea, beaten up 
with butter and flavored with salt or soda, 
constitutes the staff of life for Tibetans, rich 
and humble (Pigs. 8, 9). Their capacity for 
this beverage is apparently infinite; writers 
disagree only as to whether the consumption 
is thirty to forty or seventy cups a day. This 
tea is invariably black and inferior in qual- 



FIG. 9. CHURNING BUTTER AND TEA 



FIG. 10. THE YAK, MOST USEFUL ANIMAL OF TIBET 

ity. Buttered tea, dry cheese, and the flesh the goat, the yak, the yak-cow hybrid, or the 
of wild and domestic animals constitute the cow. That of the yak or hybrid animal is 
bulk of the food of the pastoral peoples, preferred. Butter is clarified and sterilized 
Their vegetable food consists mainly of a by boiling. The buttermilk is then boiled 
radishlike root, which is said to grow to alti- and the curd strained out, wrapped in cloth 
tudes of 14,500 feet, and barley and millet and pressed with heavy weights to further 
imported from the agricultural districts, dehydrate and shape it. Later it is cut into 
Millet may be mixed with buttered tea and cubes through which a yak-hair string is 
made into cakes called tsamba. Very little passed, and these cubes are hung up to dry. 
milk is drunk, and pork and poultry are In this condition it can be kept indefinitely 
used only in the agricultural regions. and provides an excellent source of nourish- 

To the prosperous in urban areas are avail- ment for the traveller. The whey left over 
able all the resources of the herdsman, from this process is given to the calves or 
hunter, and peasant, plus a not inconsiderable dogs and is sometimes utilized by the people, 
variety of imported foodstuffs. On an official Food preservation is not a major problem, 
visit in a wealthy Lhasa home, Chapman re- It is said that in the dry, cold air meat may 
counts having first been served, in the ‘‘main be kept two to three years and grain two to 
sitting room,'’ with a preliminary meal of three hundred years 1 

tea, dried fruits, sweets, and biscuits. Later The fields of the Tibetans are usually in 
the main meal was brought in: there were the protected valleys. They are small and 
dishes of boiled mutton, yak tongues, pre- rather poor, but fair yield is obtained since 
served prawns, dried fruits, small nuts and climatic conditions preclude the production 
sunflower seeds, sea slugs, sharks’ fins, mush- of more than one crop per year, and crop 
rooms, bamboo roots, meat balls, stuffed eggs, rotation, fallowing, and fertilization are prac- 
and quantities of barley beer. This food was tised. Furthermore, some alluvium is de- 
in general highly seasoned and was eaten posited by the action of irrigation waters 
with chopsticks. channeled off the streams and rivers. 

Butter is made from the milk of the sheep, Barley is pre-eminent among Tibetan 
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cereals and is tiie chief upland crop. Wheat, 
peas, mustard, buckwheat, maize (a staple 
in eastern Tibet), radishes, and turnips are 
other crops of main importance. Kain in 
May and June is essential to the crops; 
should it fail, the goyermnent supplies lamas 
to hold Rain-Bringing Services.” These 
dignitaries go to the sacred springs where 
there dwell beneath the ground the serpent 
spirits in whose charge are water, trees, 
crops, flowers, and treasures. At these spots 
they hold ceremonies. When permission has 
been given, by the Dalai Lama or other offi- 
cials, harvesting may begin. This is a period 
of intensive labor when the entire family 
rises and goes to the fields an hour or two 
after midnight. There they labor until sun- 
set or longer. Once the crops are in, a day 
is spared for feasting and celebration. 

Threats to the crops are numerous and 
must be averted by both empirical and magi- 
cal measures. Frost is the greatest enemy, 
and in late August the farmers pray for 
cloudy nights and the government sends out 
priests with ^'frost-prevention” jars, which 
are ceremoniously buried on mountain tops. 
These contain bits of barley, silk, gold, and 
silver, and their preparation is attended by 
magical rites. Locusts are not unknown. 
They are regarded as incarnations of a class 
of beings dwelling in the fifth lowest of the 
six worlds. There they are tormented with 
perpetual hunger and thirst for having been 
covetous, gluttonous, and uncharitable. Rats 
may also do considerable damage. Hail — 
attributed to the warring of the elements of 
wind, fire, and water — ^is a major menace and 
is believed to fall mainly in regions where the 
inhabitants are quarrelsome or where many 
illegitimate children are born. The Ngak- 
pas, a group of practitioners especially 
versed in the proper charms, are employed 
to prevent hail. General precautionary mea- 
sures for the safety of the crops include the 
burning of incense on the house tops in the 


early morning, particularly in the first half 
of the month other than the first day, gen- 
eral prayers, and processions around the vil- 
lages with the carrying of prayer banners, 
sacred books, and other ritual objects. 

The peasant may be an independent small 
landholder, but he is more likely to be bound 
to the soil in a feudal tenancy relation to a 
great landowner, either private or corporate 
(as one of the large monasteries). He is in 
the latter case unable to leave without the 
landlord's permission, which is not often 
given and must usually be bought. Penalties 
for unlicensed departure are severe, and, 
furthermore, the spirits of the village are 
likely to be wroth should the native leave 
his soil. Agricultural labor is apparently at 
an even greater premium than arable land. 

Cultivating communities preserve grazing 
grounds for the stock they must keep for 
draft and food. Essentially communal, the 
grazing grounds are subdivided and allotted 
by the throw of dice. Their use rotates, and 
the rents charged therefor, which differ for 
different animals, go into a communal fund. 
Farm animals are likely to be yaks and other 
cattle, ponies, mules, donkeys, dogs, and some 
pigs (the latter usually kept by the Chinese). 
One or more Newfo\indland-size, shaggy, 
black-haired watchdogs are usual at every 
house. Ponies are kept for riding and trans- 
port, as are mules and donkeys. The latter 
are cheap, and all men can ride. The yak 
and its cross-breeds are the most useful of 
Tibetan animals (Fig. 10). They furnish 
foods of flesh, butter, and cheese; transport 
for both men and goods; wool used in the 
manufacture of ropes, felt and textiles, and 
blankets ; hides for clothing, trunks, bags, and 
boats; dung, which is Tibet’s only significant 
fuel supply; and even a primary article of 
Tibetan export, namely, their tails. These 
may become ritual objects in Hindu temples 
or merely fly whisks. Noteworthy is the fact 
that they are especially prized when white. 


{To he concluded) 



CORK CULTURE IN THE UNITED STATES* 

By GILES B. COOKE 

Cork is a critical war material and a neces- available was controlled by government agen- 
sary peacetime commodity. For prosecuting eies, and only by sharply restricting non- 
the war, cork is needed for cartridge plugs, military uses of cork was the supply made to 
bomb parts, insulation, gaskets of numerous meet defense needs. Owing to the neutrality 
kinds, and many other articles essential to a of Spain and Portugal, a limited amount of 
modern army and navy. Non-military uses cork was brought to the United States during 
of cork are numerous and include corkboard the first three years of the war. Rigid ration- 
insulation, stoppers, liners for bottle caps, ing has enabled wartime imports to meet 
life preservers, inner soles for shoes, gaskets essential requirements. The liberation of 
of many types, and various other articles. Algeria and the control of the Mediterranean 
At the outbreak of the present World War, by the United Nations improved the cork 
all private cork inventories within our coun- situation and eased the four years of tension, 
try were taken over by the United States However, the cork situation today is very 
Government. Use, of the limited amount unsettled and the use of cork is still regulated 
* All illustrations courtesy, Crown Cork & Seal Co. by the War Production Board. 
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STI^IPPING THE LAPGBST OOBK TREE IN THE UNITED STATES 

mE aitO0NDS Offf THE STATE HOSPITAL IK KAPA, OALIPORKIA, MEASURES 58 INCHES 
^[,taMIH»'AT BREAST HEIGHT AKB IS 75 PEET TALL, IN JULY, 1943, OOBK WAS REMOVED TO A HEIGHT 
AND l,Q6a POUNDS OP GOOD OORK OBTAINED, LARGEST QUANTITY TAKEN PROM ANY U. S. TREE. 
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Practically every adult person in the 
United States has used or observed cork in 
the form of bottle stoppers or crown cap lin- 
ers. Only a limited few are familiar with 
the source and production of this essential 
product of nature. Cork is the bark of the 
cork oak tree which grows along the shores of 
the Western Mediterranean, being indigen- 
ous to the soil and climate of this region. 
Since man first learned to utilize this unusual 
bark of the cork oak, the world’s supply has 
come from this limited area. 

For normal peacetime manufacturing re- 
quirements in the United States about 160,- 
000 tons of cork are imported annually. In 
1937 the value of unmanufactured cork 
brought into the United States was seven 
times the figure for 1899, thirty-eight years 
earlier. This increasing demand for cork 
products here, as well as abroad, has had its 
effect on the cork-producing countries, and 
special efforts have been made to conserve 
cork forests and properly market the harvest. 
Numerous scientific papers relating to cork 
culture have appeared, particularly in Por- 
tugal, during the past three decades. This 
attention to corkwood has resulted in a large 
increase in cork production in practically 
all the cork-producing countries. 

Attempts have been made by other coun- 
tries to grow the cork oak. Experimental 
plantings of cork trees have been made in 
Australia, Uruguay, Argentina, Japan, Rus- 
sia, and the United States. These countries 
realized the importance and economic value 
of having cork trees growing at home. Only 
limited information is available regarding 
the extent of the plantings or the results 
obtained outside of the United States. It is 
entirely possible that after a reasonable time 
for growth elapses suflScient cork for essen- 
tial requirements will be produced in some 
of these countries. 

The need for a domestic source of cork 
was apparent to the founders of our govern- 
ment, At the same time they were fully 
aware that the soil and climate of the south- 
eastern states were suitable for growing cork 
trees. In 1784 Thomas Jefferson was sent to 
Prance to aid in the negotiation of trade 
treaties. While there he was elected to hon- 
orary membership in the Agricultural So- 
ciety of South Carolina. Jefferson acknowl- 



Holmea I. Mettee 
CHARLES E. McMANUS 

ORIGINATOR AND SPONSOR OP CORK PROGRAM IN U. S. 


edged the honor with thanks and at once 
went to work as a very active member. In 
February, 1787 he sent a package of cork 
oak acorns to William Drayton of Mag- 
nolia” at Charleston. These cork acorns 
^ were received by Drayton and planted but 
no trees were obtained from them. The 
acorns were three months in transit and, 
based on present day observations, were, 
without doubt, nonviable when William 
Drayton received them. For forty years 
Thomas Jefferson labored to establish the 
cork oak in the United States. In April 
1826, six weeks prior to his death, he wrote 
to Dr. Emmett, Professor of Natural His- 
tory, University of Virginia, recommending 
the planting of cork trees. 

The United States Government became in- 
terested in planting cork trees about 1858. 
Cork oak acorns were obtained from Spain 
by the Patent Office (the United States De- 
partment of Agriculture was not established 
until 1862) and distributed in the southeast- 
ern states and California. Many of the 
acorns and young trees of this planting were 
lost. However, a few trees survived and 
from a United States Department of Agri- 
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NHESBRY AT SUPERIOR, ARIZONA, GROWING 50,000 CORK OAK SEEDLINGS ANNUALLY 


culture report -written in 1877 by P. B. 
Hough we read : 

In 1858 and, it is believed, at an earlier period, 
quantities of acorns from the cork oak were pro- 
cured from the south of Spain and distributed from 
the Patent Office to those sections of the country 
where it was thought they would thrive. A report 
made at the close of 1875 from Winnsborough, 
South Carolina, shows that all the acorns planted 
in 1859 came up and made healthy plants. Three of 
these are now 24 feet high and over 27 inches an 
circumference. Two trees, at least, are flourishing 
an Orangeburg, South Carolina, and there are prob- 
ably elsewhere in the South examples of successful 
planting of this tree. The cork oak requires a warm 
climate, but the southern states and California ap- 
pear perfectly well adapted to its wants. 

Some of the cork oaks that survived this 
early planting are today magnificent speci- 
mens, having large trunks with wide limb 
spread. 

In 1880 more cork acorns were obtained 
and distributed to many places in the south- 
ern states, Arizona, and California, While 
some trees from this planting are still alive, 
many of them were lost. From time to time 
a few cork trees have been grown through 
private effort. Also, local plantings have 
been made in several states. A substantial 
planting at OMco, California, in 1904 has 
r^Ited in more than 600 cork oafa — the 
la^^est stand of cork trees in the United 


States. In 1914 some cork acorns were ob- 
tained from Portugal and planted in north- 
ern Florida. A substantial number of trees 
were obtained, but a severe storm a few years 
later destroyed most of them. 

Some time ago, Charles E. McManus, 
President of the Crown Cork and Seal Com- 
pany, examined a number of these cork trees 
and at once recognized the good quality of 
the cork. Realizing the possibilities of a 
domestic source of cork, he established a Cork 
Project to promote the growing of cork oak 
trees in the United States. Under this proj- 
ect, the company assumes the costs for col- 
lecting cork acorns, growing seedlings, and 
distributing the seedlings or acorns. Inso- 
far as possible, all cork acorns produced are 
collected. After planting, the trees become 
the property of the planter. Efforts are 
made to locate all existing cork oaks, and 
the cork is removed from a few trees in 
selected areas every year fbr thorough test- 
ing. Specimens of soil are taken from under 
widely distributed cork trees for laboratory 
examination and classification. 

The Cork Project is wholly a philanthropic 
enterprise. The interest and enthusiasm 
with which it has been received are very 
encouraging. Owners of mature cork oaks 
are cooperating by offering their trees for 
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experimental stripping and by donating 
their acorn crops. The United States Forest 
Service, Extension Foresters, State Depart- 
ments of Forestry, Forestry Departments in 
the Universities, and local Agricultural 
Agents are cooperating with the Project. 
With such united effort much has been ac- 
complished in a minimum of time. Already 
thousands of young cork trees have been 
planted from California to Florida, and the 
program calls for not less than a quarter of 
a million cork trees in 1944 and succeeding 
years. However, the requests for cork trees 
are far in excess of the number of acorns 
and seedlings available. 

California has more cork oaks than any 
other state. About 4,000 trees have been 
located in California where they are grow- 
ing in parks, along the highways, about pub- 
lic buildings, and on private estates. Some 
of these are magnificent specimens. Los 
Angeles County alone has more than 1,000 
cork trees. A cork tree on the ground of 
Napa State Hospital measures 58 inches in 
diameter at breast height and is 75 feet tall. 
Scattered throughout the state there are 
many other large cork oaks measuring more 
than 40 inches in diameter. 

During the past four years more than 


100,000 cork seedlings have been planted in 
California. The cork acorns are collected 
during the fall and winter by the local for- 
esters with the aid of boy scouts or members 
of 4-H Clubs. The acorns are packaged or 
bagged and shipped promptly to designated 
state nurseries where seedlings are grown 
and distributed by State Forest Rangers. 
The seedlings are grown by planting acorns 
in tall tar-paper containers that are about 
three inches across and twelve inches deep. 
They are free to any person desiring to grow 
cork trees, and applications are made 
through the local farm advisor to the Ex- 
tension Forester at the University of Cali- 
fornia In Arizona 50,000 seedlings are 
grown annually at a nursery located near 
Superior. This state has about forty mature 
cork oaks but many of the cork acorns for 
planting come from California. One old 
cork tree in Arizona is growing at an eleva- 
tion of 4,520 feet. It has many times been 
subjected to temperature extremes of 110 
degrees in summer and zero in winter. Scat- 
tered through the southern states from Vir- 
ginia to Louisiana are interesting specimens 
of the cork tree. Being an evergreen the 
cork oak is very attractive and the old trees 
in the South were grown for ornamental pur- 
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poses. Twenty cork oaks have been found in 
Georgia and additional ones are still being 
located- South Carolina has about sixteen, 
Virginia four, North Carolina five, Alabama 
five, Louisiana seven, and Florida three. 
United States Department of Agriculture 
reports show that cork plantings have been 
made in Mississippi and Texas. Records 
have been found of a number of large corks 
that formerly grew in the south. 

It is obvious that cork can be grown where 
healthy cork trees are now growing or have 
grown. Tests are being conducted to deter- 
mine other sections suitable for growing 
cork. During the spring and fall of 1942 
more than 1600 seedlings were distributed 
throughout the southern states from Virginia 
to Texas. These experimental plantings 
were made on various types of soils, in loca- 
ttWs having different rainfall, drainage, and 
mas#iine. In 1943 more than 3,100 pounds 
o| acorns were distributed in the South. 
^Wie oi the seedlings f ropi these acorns were 
i^^lrfhnted last faU and others will be 
: ^ing- More than 4,000 poun^ 


of cork acorns will be sent to the southern 
states in 1944. 

An exhaustive study of soil, climate, rain- 
fall, and temperature conditions in the 
United States has been made and the data 
compared with that of the cork producing 
sections of Spain and Portugal. From this 
study a physieogeographical map showing 
the potential cork producing areas in this 
country has been prepared to serve as a 
guide in planting cork trees. However, seed- 
lings have been distributed to persons out- 
side of this theoretical cork area, since it is 
entirely possible that some of the sections of 
our country indicated as less desirable for 
growing cork may produce satisfactory cork. 

The quality of the cork taken from trees in 
selected sections is excellent. In California 
more than ten tons have been removed dur- 
ing the past four years. In 1942 more than 
2,300 pounds were removed from three old 
cork oaks in Sonoma County. The large tree 
at Napa was stripped in July, 1943. Cork 
was removed to a height of seventeen feet 
and 1,050 pounds of good quality cork oh- 
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tained. This is the largest quantity taken 
from any tree in this country. Cork from 
southern cork oaks has been found to be of 
splendid quality. Stripping tests on trees 
eight, ten, and fifteen years old have been 
carried out in Georgia. Formation of the 
second growth of cork will be watched closely 
and compared with that on the large trees. 
Trees stripped at Chico in 1940 showed in 
1943 one-half inch of new cork. On some 
trees the three years growth of new cork 
was equal in thickness to 16 years of first 
growth on the unstripped portion. 

Along with the planting of cork trees 
many interesting experiments are in prog- 
ress. Many of the large cork trees in the 
South do not bear acorns. Efforts are being 
made to cause these trees to fruit because the 
acorns are needed for planting. The trees 
are being given special care and scions from 
prolific California cork oaks have been 
grafted to some of them. Tests are being 
made on the' storage of cork acorns. The 
b^est time of the year for planting varies in 
different areas. In those sections where the 
winters are cold, early spring is preferable 
lo fall for outside planting. Cork acorns 


must be kept in cold storage until they are 
planted in order to preserve their viability. 
Temperatures at 36 to 38 degrees have proved 
successful. 

Propagation by seedlings is being com- 
pared with direct acorn planting. The cork 
oak develops a long tap root and care must 
be exercised in transplanting bare root stock. 
The use of tall paper pots which can be 
placed in the ground eliminates root injury 
during transplanting. Direct acorn plant- 
ing is desirable in many places but squirrels, 
gophers, and rodents destroy a high per- 
centage unless special precautions are taken. 

Special work on the rooting of cuttings is 
being carried out. Experiments in grafting 
cork to native oaks have produced interesting 
results. At the present time the number of 
cork trees planted each year is limited to the 
cork acorn crop. Development of successful 
methods for grafting the cork oak to other 
trees or for rooting cork cuttings would re- 
move this restriction. 

Such experiments as these require several 
years for completion. In the meantime, the 
maximum number of cork trees possible are 
being planted every year. 



A CRITIQUE OF MEDICAL RESEARCH* 


By ALAN GREGG 


In using the term medical research, I in- 
clude all research undertaken with the intent 
to extend our knowledge of the nature of 
health and disease in living tissue, and with 
special reference to human beings. A full 
list of research activities in, say, the year 
1938 in ten of our larger medical schools 
would show so wide a range of subjects as to 
leave one bemused at the task of defining 
medical research. Nor is medical research 
by any means limited to medical schools; 
graduate work in the other university facul- 
ties may belong to the category of medical 
research. Meteorological studies upon the 
nature of cyclonic storms cannot qualify as 
medical research, though a study of suicides 
or cardiac failures as related to or influenced 
by weather conditions could properly be con- 
sidered an outreaching branch of medical 
research. The study of the geographical dis- 
tribution of disease, the nature of inhibition 
in pigs, and the relation of the gamhiae mos- 
quito to Crustacea carried from Africa to 
Brazil by airplanes are examples of the 
wide range of medical research. The study 
of tobacco mosaic has more than illumined 
our knowledge of animal diseases due to vi- 
ruses. Though I am therefore loath to set 
the ambit of the term medical research, there 
can be no gainsaying the fact that by com- 
mon usage and implication it connotes a po- 
tential, if not an actual, application of re- 
search to human health and human disease. 
The gamut of medical research may best be 
comprehended if we realize that the psy- 
chology, the biology, the physics, and the 
chemistry of today become tomorrow’s physi- 
ology and pathology and may well become 
the therapy or the preventive or clinical 
medicine of the day after tomorrow. And, al- 
most as often, the clinical problems of today 
may formulate the physiological investiga- 
tion of tomorrow and pose imperious in- 
quiries to the chemist the day after that. 

Possibly the word critique is a somewhat 
Ajji deEvered "before tlie American Pliilo- 
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ambitioTis term for my comments, yet these 
comments do involve comparisons with ac- 
cepted standards (the characteristic of a 
critique), even though they are not mar- 
shalled in support of any one thesis, whether 
critical or explanatory. 

Because there are inherent advantages in 
emphasizing the distinction between strategy 
and tactics, I had intended to group my dis- 
cussion around those poles: strategy as the 
art of deciding when and on what one will 
engage his strength, and tactics as the skill, 
economy, promptitude, and grace with which 
one utilizes his strength to attain the ends 
chosen by strategy. Just as there can be 
strategy in conversation — ^the choice of the 
subject, for example — or strategy in the mat- 
ter of vacation — summer, autumn, or winter, 
boating, fishing, or mountain climbing — 
there can be, and, more important, there al- 
ways is, deliberately or inadvertently, a stra- 
tegical element in medical research. Just as 
most activities can be viewed in terms of the 
dexterity, the smoothness, the elegance, the 
rapidity, the promptness, the economy with 
which they are graced, so medical research 
is open to appraisal in terms of its tactics. 

I first set out to prepare a paper on the 
tactics as well as the strategy of medical re- 
search, but soon found that scheme too am- 
bitious, too extensive to be covered by 
anything better ihan an index of chapter 
headings: such chapter headings as organi- 
zation; relation to teaching; recruitment; 
tenure and retirement policies; the implica- 
tions of support for research from the state, 
from industry, from foundations, from pri- 
vate donors; the role of money prizes, of 
honors and citations; publication problems 
both in technical journals and the lay press 
— one can readily see that so many subjects 
cluster about the tactics of research as to pre- 
clude their being included with any remarks 
on strategy. So I shall not discuss the tac- 
tics, the procedures, the practices and meth- 
ods of medical research, but rather direct 
attention to the values and the purposes to 
be served in medical research, what is vrmrth 
865 
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doing, when and on what we may well engage 
our strength — ^in sum, the strategy. 

Most of us would agree that wisdom is 
rarer than cleverness, and on reflection it 
would, I think, he evident that the strategy 
of research, if not more valuable, is at least 
more rarely a subject of discussion than the 
tactics. Strategy is more demanding than 
tactics since strategy often must reckon with 
the desirability of doing nothing, or nothing 
at present ; such intentional inactivity is often 
difficult since inhibition or postponement ex- 
hausts nervous energy. Furthermore, strat- 
egy, involving the knowledge of what may, 
and what may not, be worth doing, calls for 
the exercise of a sense of values, usually a 
more subjective and always a more mature 
or slowly developed sense than those accom- 
plishments appropriate for tactical success. 

Therefore, perhaps the first strategic ques- 
tion for medical research is this: Compared 
with other ways in which the time and 
strength of man could be spent — ^for example, 
research in government, in economies, in 
mathematics, or aesthetic development 
through poetry, music, painting, or the other 
arts — does medical research offer a more 
valuable return? The answer is not quite 
so obviously affirmative if we ponder on this 
passage from Hans Zinsser. Writing, of 
course, of himself, he says : 

He became, however, a profound admirer of White- 
head, who, it seemed to him, combined — ^in the wide 
horizon of his mature wisdom — deep erudition of the 
sciences with sensitiveness to aesthetic values, ap- 
pearing in this regard to possess some of the quali- 
ties, less creative but perhaps more contemporane- 
ously sound, of a Goethe. It was in WTiitehead’s 
diagnosis of the sick world that E.8. recognized his 
own, less learnedly arrived at, to the effect that, with 
the rapid development of industrialism and urbaniza- 
tion (both consequences of the scientific control of 
natural forces) there was a neglect of the ' aesthetic 
qualities of the new material environment''; there 
was a limitation of the moral outlook" at a time 
when it was most needed. The ^ ' moral pace of prog- 
ress," says Whitehead, "requires a greater force of 
direction," but a grooved professionalism (also a 
consequence of the headlong rush of science) has 
brought it about that "the leading intellects lack 
balance" and "the task of coordination is left to 
those who lack either the force or the character to 
succeed in some definite career," The corrective, 
therefore, it seemed to E.S., should lie not in the 
decking of sdenee, but rather in catching up with 
ih. 

Thus, with Whitehead's assistance, E.S. thought 


he understood the general diagnosis. But that is as 
far as he got before he died. He stood before the 
problem as he often stood at the bedside of a danger- 
ously sick patient, helplessly hoping for greater phy- 
sicians to point a way of cure. He looked to art, 
literature, and criticism as the instruments through 
which this might come. For it seemed to him that 
what had happened was that mankind had been so 
busy planting the potatoes and corn and turnips of 
life that it had forgotten to tend the gardens. And 
now it had no gardens in the enjoyment of which it 
could find the reasons for which it had planted the 
potatoes and the turnips. For the arts and the spiri- 
tual values which they represent (and this was the 
pathology of the disease) had come to be regarded 
as trivial and not worthy of the efforts of serious 
men, a speculative commodity like stocks or postage 
stamps for rich collectors or a plaything for ama- 
teurs and eccentric incompetents; at best, a civilized 
amusement or a hobby.i 

In my mentioning any challenge to med- 
ical research, you may be reminded of the 
advertisement in a Viennese newspaper which 
ran ^‘Wanted : two hours’ argument from an 
elderly gentleman opposed to matrimony, by 
a young man resolved to marry.” I do not 
pose the primary question as to the essential 
worth of medical research just as a bit of 
target practice. The reason for asking our- 
selves whether medical research deserves all 
the time and strength it demands is simple 
but cogent; if we recount why medical re- 
search is worth-while, many of the secondary 
questions of what hind of medical research 
we should do will be brought into far clearer 
definition and perhaps into correct subordi- 
nation to the larger issues. 

Let us then state why medical research is 
worth-while. 

Now the first and foremost reason for em- 
ploying our strength on medical research is 
that to do so maintains and sustains a ra- 
tional, in place of a superstitious, view of 
being alive — a rational interpretation of Life 
in its myriad forms and functions. By med- 
ical research we not merely learn important 
new facts, we learn a method of thinking 
about what is already known. By means of 
research we can reformulate the known, as 
well as master the unknown by a process of 
modest but relentless attrition. This rational 
interpretation of Nature — heritage from 
the Greeks — could, I think, be shown to be 
infinitely precious in the chief study of man- 

iHans Zinsser. Ab 1 Bemenfiber Him: 422-423. 
Boston, 1040. 
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kind, which is man. Human conduct has 
never been continuously rational, and yet, 
when by research we finally may master all 
the mainsprings of behavior, we shall have a 
rational interpretation of human conduct 
even when it is irrational — ^in place of the 
passionate confusion of today. 

The second reason for thinking medical 
research worth the strength that may be 
poured into it is intuitive and unanswerable : 
it is a property of life to defend and protect 
its being. Now that we can investigate dis- 
ease and so control it, we shall do so in self- 
defense. The threat of disaster stirs our 
primitive emotions. By so much as a disease 
strikes early, it releases the protective senti- 
ments of parents toward their children. By 
so much as a disease leaves the patient ^s 
character intact while moving slowly and 
unswervingly to death, medical research 
upon such disease will never lack the sym- 
pathy, the interest, the hope, and the support 
of those who have the double privilege of 
thinking and giving. Perhaps it is more 
than a coincidence that diseases causing 
changes in character, and diseases terminat- 
ing in swift and unexpected death, have 
been the last to receive support for their 
study. Almost always, changes in the char- 
acter of a patient affect his friends and 
family — ^their sympathies are profoundly dis- 
turbed and horror and aversion outstrip pity. 
In diseases where death is never seen pluck- 
ing at the sleeve but is swift, unheralded, and 
masterful, hope, and so reflection, have not 
time to dispute the issue. 

The third reason why medical research 
should receive the investment of time and 
strength is that the medical sciences have a 
right to share with other sciences the glorious 
freedom of curiosity implicit in the words 
'‘Pure Science. If one feels an almost 
sensuous pleasure in the discovery of order 
and natural law, he will not have to fall back 
on the reassurances that "curiosity pays’^ 
or such phrases as "the usefulness of useless 
knowledge.’’ To be informed that Pure Sci- 
ence Pays, always reminds me of the early 
missionaries to Hawaii of whom it was said, 
"they went out to do good and they did very 
well.” So precious and exhilarating an 
elixir of intellectual life as curiosity, I prefer 
to take straight, without bush or adulterant. 


Because medical research tends to place 
the study of man on rational grounds, be- 
cause it offers free range to intellectual 
curiosity, and because its concern with the 
protection of life is an axiomatic and ines- 
capable extension of the instinct of self- 
preservation, we may settle the first strategic 
question by affirming that medical research, 
when compared with other types of human 
inquiry, solicitude, and activity, at least de- 
serves all the attention it has thus far re- 
ceived, favorable as this has been of recent 
years. 

With no further hesitation or reluctance 
as to value of medical research, we may turn 
now to the more tangible and debatable ques- 
tions — ^when and on what research may we 
wisely engage our strength? 

Now the first comment on the actual strat- 
egy of medical research is that it is becoming 
too rare an experience. This experience in 
selecting research projects, in estimating 
their possibilities and appraising their per- 
formance, has tended to become the function 
of persons outside the ranks of actual investi- 
gators. It is a privilege which of late has 
fallen to the officers of the Foundations, in- 
stead of remaining the responsibility of the 
investigators or the administrators of our 
universities. The treasurer’s report for 1942 
in a well-known western university showed 
a total of $847,000 in contributions for cur- 
rent purposes, of which less than $47,000 was 
reported as unearmarked money. With less 
than fiive percent of the research funds on 
which to exercise their powers of discrimina- 
tion and selection, the faculty no less than 
the administrative officers may be expected 
to lose first their liberty, then their responsi- 
bility, and finally their ability to exercise 
judgment as to what research is worth doing. 
It is my personal conviction that the Founda- 
tions have established a fashion of giving 
earmarked funds, which has been followed by 
a large number of private donors, and which 
possesses, among obvious attractions, some 
serious eventual disadvantages for the re- 
cipient institutions. Principal among the 
disadvantages are the emphasis placed upon 
showmanship and expert mendicancy, the 
atrophy through disuse of the critical fac- 
ulty, the loss of responsibility for local prob- 
lems and of pride in tackling them hade- 
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pendently, and finally a restlessness that is 
second cousin to the restlessness caused by 
absentee ownership. So forceful a group of 
accusations would deserve more than the 
word ^^disadvantages’’ if they were all to be 
found always in full-blown development. 
They are never complete, but partial and 
varying in intensity. For it must be re- 
membered that many a gift for research is a 
direct answer to a request for funds which 
was born free and untrammeled in the mind 
of an investigator. Nonetheless, strategical 
experience, that is, experience in selecting 
research problems and projects, is on the 
whole too infrequent in our medical schools, 
and the impact of war research contracts can 
naturally do nothing to offset the diminish- 
ing exercise of free choice. 

The one device explicitly designed to cor- 
rect the predominance of earmarked-financ- 
ing of research deserves attention. It is the 
so-called Fluid Eesearch Fund — a pool or 
account from which, under exclusively local 
guidance, sums are withdrawn for the sup- 
port of selected research projects. I do not 
believe, however, that deciding how money 
is to be spent is research strategy. Deciding 
what is worth doing is strategy; having 
money at hand encourages the business of 
securing such experience in strategy. We 
are foolish not to distinguish money spend- 
ing from research strategy. And I need 
hardly add that unless the discrimination 
and the fearlessness of the Fluid Research 
Fund Committee are of a singularly high 
order, the results in work wasted and feelings 
bruised will not speak for the continuation of 
Fluid Research Funds. No more generally 
useful gift than a Fluid Research Fund could 
be made to a medical school resolved to pro- 
vide the intelligence and protect the integ- 
rity required by a fully responsible com- 
mittee. 

**When and on what shall we engage our 
strength?” runs the strategist's question. 
Merely to consider the question ‘‘when?” 
reveals the difference between two kinds of 
research which, like two arrows held in the 
’ hand, overlap for most of their length though 
point in opposite directions. We may 
mearch until there are some “good 
. promising hundies, some en- 

that we are not far 


removed from a find. Or, lacking any leads 
or promising indications hut in most urgent 
need of finding something somehow, we may 
not wait but push research forward in des- 
peration. To the question “When shall we 
engage our strength in research?” one type 
of response waits for favorable conditions, 
the other cries out “Now! — ^We must!” 
Needless to say, the one form is common in 
peace, the other in war. I have often heard 
that the methods of wartime research should 
be applied in peace, as well as laments that 
the criteria of peacetime research are fore- 
gone or forgotten in war. Obviously the 
point of departure, the motivation, and the 
results of the two types of research are radi- 
cally different. When war demands a spe- 
cific problem be tackled, the focusing of every 
sort of applicable ideas and experience is 
called for. In peacetimes research is not so 
hard pressed and tends to weigh more care- 
fully the state of current knowledge and the 
leads it provides, the quality of the re- 
searcher and the assistance provided him in 
colleagues, consultants, assistants, and equip- 
ment. The conditions of war and peace are 
radically different and so are the motives of 
research workers, but the contrast ought to 
be instructive. If war research in medicine 
can teach peacetime research anything, it 
probably is this : if A and B are working on 
problems complementary or otherwise closely 
related, it is a particularly wise expenditure 
of research funds to pay the expense of visit- 
ing each other. This is constantly done in 
war and all too rarely done in peacetimes. 
Also it seems obvious that wartime research 
will demonstrate the remarkable effectiveness 
of co-ordinated research programs, as well 
for medicine as for other subjects. In the 
rather remarkable speed with which some 
programs have been executed we forget that 
freedom from teaching has released energies 
otherwise exhausted in peacetime. And we 
forget that wartime research operates on 
very large financial resources and that patri- 
otic self-sacrifice oils many a bearing that 
would heat up with the friction of peacetime 
competitiveness and jealousy. 

Before naming some areas of present ig- 
norance (and, I hope, future knowledge) 
which will probably receive the strategist's 
attention, I would like to insist that the pri^ 
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mary and almost sacred right of choosing a 
subject to be studied, of framing a hypothesis 
to be tested, of planning and performing 
some crucial experiment, belongs not to the 
donor or the administrator, but to the in- 
vestigator himself. If this privilege is not 
explicitly declared to be that of the investi- 
gator, the suspicion will soon sporulate that 
medical research should be directed from a 
strategical G. H. Q. — a concept so remote 
from my convictions and so repugnant to my 
taste as to call for repudiation at once. 

Indeed, I have had experiences that make 
me wonder whether young scientists in this 
country feel quite as free to choose their own 
problems as I would like to have them feel. 
For a number of years I used to talk with 
candidates for advanced fellowships of The 
Rockefeller Foundation. They came from 
different countries and were the result of 
different systems of education and matura- 
tion. To the question “What do you want to 
do on your fellowship?’’ the American usu- 
ally replied in terms of a problem certainly 
set and probably selected by his professor. 
This seemed so much less frequently the case 
with candidates of other nationalities that I 
came to expect it as the American answer. 
Was it a continuation of our national inclina- 
tion to suffer children gladly, prolong ado- 
lescence patiently, and deliberately defer 
maturity? Or was there nothing national 
about it? When closer observation showed 
that fellowship candidates from the Middle 
West formed a group quite at variance with 
all the other Americans, the phenomenon 
became more interesting. The Midwestern 
candidates usually know what they are inter- 
ested in themselves: why Midwesterners do 
not as frequently mirror their professors’ in- 
terests as the rest of the Americans, I do not 
know. 

If I am right in my impression that Amer- 
ican medical research at present is not par- 
ticularly hospitable to the young investigator 
who formulates completely fresh hypotheses 
in fields not familiar to his seniors, then we 
should find in research literature today a 
rather large number of instances in which 
the primary or germinal observation has 
been made by young investigators not in the 
United States but in other countries. After 
ten years abroad and ten years at home, I 


would be inclined to think that there are 
countries where more value is attached to in- 
dependence and originality of thought than 
in this country. We Americans have been 
inclined to belittle the brief report of foreign 
literature that contains an observation and a 
hypothesis to fit it but lacks complete sub- 
stantiation or massive proof. Sometimes I 
think we forget what the last war did to the 
strength of European laboratories, that they 
commonly have not been the equal of the 
German chemical organization. And we for- 
get that it is by just such incomplete but 
fresh, independent, and pioneer observations 
that some of our largest, most fashionable, 
and most heavily laden scientific caravans 
are led. One should not take offense at an 
observation in some ways more favorable to 
others than to holders of American passports. 
In the generation before mine a number of 
influential American medical leaders knew 
and understood European medical science 
through study periods there. Today, I do 
not suppose there are four deans of Amer- 
ican medical schools who have studied as 
much as two years anywhere outside of the 
United States. Lack of travel or foreign 
residence at an impressionable age makes for 
parochial horizons, and I think we may as 
well admit that we now have the elements of 
a continental parochialism — rendered the 
greater by a nationalism of an intensity 
rarely if ever equalled. 

Another criticism would be far more worth 
advancing than the complaint that young- 
sters in American medicine practice some- 
thing of the chameleon’s art. The extraord- 
inary feature of medical research in America 
in our times is the frequency with which 
demonstrated ability in research is re- 
warded by being extinguished. We praise 
research, we earnestly seek and prayerfully 
select young investigators of promise, we use 
productive scholarship and research ability 
as the cardinal considerations for promotion 
and even for the selection of professors. We 
speak warmly of the research career, and 
after all that build-up we contemplate with 
almost bovine placidity the professor who 
can’t do any more research because he is too 
busy fulfiUing the prevalent idea of a pro- 
fessor. The situation is not merely a divert- 
ing paradox or an academic peccadillo; it is 
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a stupid and wasteful abuse, committed, like 
many elusive futilities, in so noble a cause 
that its correction would seem disloyal. 

It would be consoling to think that only in 
the earlier stages of institutional develop- 
ment is it necessary to sacrifice research to 
administration, and that once the prelimi- 
nary planning has been done, men selected 
and trained to do research will find tradition 
and circumstances facilitating their natural 
tastes and aptitudes. But the evidence about 
us hardly justifies such an evasive hope. 

A more common verbal exoneration of the 
disgrace of obliging men of unusual research 
ability to devote long hours to teaching and 
administrative work consists of saying : ‘‘Oh, 
if he didn’t like to do administrative work, 
he wouldn’t do it. Besides, if he was really 
a research man and successful at it, he would 
let others do the teaching and administra- 
tion.’^ The fallacy of that particular bit of 
gratuitous character analysis is that it does 
not fit the salary and promotion policy ob- 
servable in all schools (and some institutes), 
where the assurance of tenure and the re- 
ward of salary are attached to teaching and 
administrative responsibilities, and not to 
the pursuit of research. 

Persons congenitally disposed to seek for 
something harder and better than laissez 
faire will bear with me if I mention by way 
of remedies or solutions three procedures 
which in some measure at least keep research 
men in circumstances favorable to their best 
productivity. 

One is the creation apart from the univer- 
sities of Eesearch Institutes or Centers for 
Advanced Study. Like quinine in the South 
Pacific, this is a pretty good remedy but 
there’s not enough of it to go around. But 
even if the research institutes became quite 
numerous, they would still have to connect 
themselves somehow with universities inter- 
ested in research, in the effort to be near new 
blood and adequate recruitment. So at long 
last, the importance of having research men 
in the universities would be recognized as 
important after aU. 

Another remedy is to create special status 
for research men — ^to cdl them Research 
Professors, or Distinguished Service Profes- 
sors, and give them extra salary or freedom 
fmm large teaching loads. Though such ar- 


rangements may have worked reasonably 
well in some instances, they run counter to 
common sense in trying to devise a uniform 
title for exceptional men in suggesting that 
other kinds of professors aren’t expected to 
do research, and in implying that many men 
can constantly justify so magniloquent a title 
and so privileged a position. Probably, how- 
ever, the greatest obstacle to the establish- 
ment of research professors in distinction to 
just plain professors is the incomprehension 
of the public. “Why should a teaching in- 
stitution have duplicate professors who don’t 
teach?” is the layman’s query. I believe 
that there we touch upon the American tra- 
dition of higher education which assumes 
that universities are not societies of learned 
men with students in attendance, but large 
places of instruction whose ultimate unit is 
not a savant but a “class” almost guaranteed 
“graduation” at a stipulated time. 

Now the presently serious aspect about in- 
difference to what happens to the research 
man when he becomes a professor is not 
merely the stupidity or the insincerity or the 
wastefulness of such procedure, but this: 
that by so much as institutions and men 
favor research and learning, they can survive 
social change without vital losses, but by so 
much as institutions and men become identi- 
fied exclusively with indoctrination and 
teaching, they will be used by political 
groups. In that way lies discredit and pos- 
sible disaster. The College de Prance sur- 
vived the French Revolution without much 
change: the University of Paris was closed. 

The third remedy is to maintain as ad- 
juncts or fellows or monitors (any non- 
descriptive title would serve: the English 
employ the title “readers”) a number of 
places equivalent to professorships, available 
to men of research ability but without any 
conspicuous title or invidious distinction of 
status. The chief consideration would be to 
maintain absolute separation, but free pas- 
sage between this position and professorial 
status. If the reader had not a complete 
identity of status separate from the profes- 
sor, he’d soon be no freer than a substitute; 
if he could never become a professor, there 
would be just another dead-end career in 
universities already quite costive enough. 

The essential preoccupation of wise admin- 
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istration is to create and to foster the circum- 
stances, the human relationships, in which 
gifted men will be most productive and 
prodigal of their gifts. There are those who 
produce best in peace, there are those who 
produce best under pressure. The scholar 
serves his interest more wisely than his com- 
fort. And my thesis is that we need not 
have all professors, but some arrangements 
for the scholar who is not a professor — ^some 
easy-fitting title that will encourage rather 
than constrict. Possibly such a change 
would increase the professor’s responsibility 
for being a competent expositor. In Amer- 
ica, hiding themselves in the skirts of Ee- 
search when someone begins to criticize their 
incapacities in speaking or writing or other- 
wise conveying facts and opinions, our pro- 
fessorial brethren condemn the art of exposi- 
tion, confusing it perhaps with exhibitionism 
or the like. 

In wartime, the selection of research proj- 
ects is determined in large measure by imme- 
diate need, often by pressing emergencies. 
In peacetime, the selection should be and 
usually is decided by the imagination of the 
investigator, operating with the existent 
knowledge and techniques of his day and age. 
With these two factors in mind I would ven- 
ture to predict a few characteristics to be 
expected in the medical research in the sec- 
ond half of the twentieth century. 

We shall be investigating those factors 
affecting the optimum performance of the 
organism, not merely the infections, intoxi- 
cations, and degenerative changes which re- 
duce or destroy its functions. The distinc- 
tion between sickness and health has tended 
with the advance of knowledge to become 
quantitative and gradual rather than a quali- 
tative and abrupt difference. We have al- 
ready an extensive number of tests to 
measure degrees of illness. An immense area 
awaits research upon the measurement or 
titration of function. Current studies of the 
performance of heart, lungs, and central 
nervous system at high altitudes illustrate 
this coming exploration of conditions affect- 
ing optimum functioning of organs, organ 
systems, and organisms. 

Such studies upon external factors affect- 
ing performance will eventually and cer- 
tainly direct attention to intrinsic or inher- 


ent differences between performers. So 
striking will be the results of early studies 
in individuation that a likely impetus will 
be given to anything explaining or even 
partially illuminating the remarkable 
uniqueness of every human being. From 
three quarters, besides the measurement of 
functions, I would expect light — ^the condi- 
tioned reflex studies, long-span studies of 
nutrition, and long-continued studies of 
human inheritance. Indeed, for the ade- 
quate execution of studies in human genetics 
we need among scientists something of the 
continuity as well as the abnegation of the 
religious order, without, I hope, any of the 
incalculable genetic losses inflicted on the 
human race by most of the celibate religious 
orders. Some new organization of research- 
ers must be evolved to carry on those studies 
of human phenomena which require many 
years to complete. We have had a foretaste 
of such studies in the researches on child 
growth and development. In this field the 
tendency has been steadily to extend the 
period under which the individuals are 
under study. I have mentioned long-span 
studies of nutrition since it is evident that 
not merely temporary individual nutritional 
status deserves attention — ^which it is begin- 
ning to receive — ^but the effects of nutrition 
on animal colonies over periods of time ade- 
quate to establish the results of diets on 
genetically known stock in terms of their 
reproduction and survival. Probably other 
psychological approaches should be added to 
the conditioned reflexes — ^in order to reveal 
the slow and cumulative experiences by 
which an individual becomes unique. Cer- 
tainly the medical research of the second 
half of this century will emphasize the func- 
tion of the nervous system, from the study 
of the nerve impulse to psychology and 
psychiatry. 

Surely any discussion of values in current 
medical research could well afford mention 
of subjects seemingly neglected or tem- 
porarily ignored but which might probably 
or desirably receive attention in the future. 
One is torn between the prophecy built upon 
conviction and the prophecy born of hope. 
Whether a statement belongs in the plain 
future indicative, the subjunctive, or the 
optative mood, it is hard to be sure. 
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In any event I should like to name a few 
fields for research in which the value for 
human life would seem to justify a great deal 
of effort. In the first group are subjects 
almost sure, under any circumstances, to be 
pursued in the predictable future with in- 
creasing vigor: in the second group I place 
subjects the strategy of whose future I would 
less willingly see left to chance. 

The airplane and the great expansion of 
travel in this war and in the future will 
favor nosogeography — ^the geography of dis- 
ease — and its natural corollary, the study of 
the relation of climate to disease and health. 
Let me add that there is no reason why 
meteorological medicine cannot enjoy the 
benefits of being an experimental science, 
with advantage to animal husbandry as well 
as to man. It would be natural in the light 
of our discoveries in nutrition and in psy- 
chology to emphasize the influence of man's 
surroundings, for it dawns upon an increas- 
ing number of investigators that to compre- 
hend what man is, one must be prepared to 
study what he takes in from his environment 
and what are his external relations as well 
as his internal arrangements. This type of 
consideration will give an ecological flavor 
to many a research project — and the environ- 
ment may be dealt with in a wide variety of 
terms— sociology, epidemiology, political or 
industrial organization, or psychological 
stimuli. In the light of the certainly increas- 
ing average span of human life the degenera- 
tive and the chronic diseases will receive 
greatly increased attention. Geriatrics may 
well establish its entirely logical claims to 
serious attention. 

Among my major hopes let me record the 
wish that biophysics be soon recognized as 
the brother of biochemistry, even if the time 
is now too late to consider it the twin. If 
the last world war was in a sense fought by 
the chemists, this war is similarly being won 
by the physicists. Is there any reason for 
not expecting great things from establishing 
facilities and careers for biophysicists? One 
of the natural outgrowths of such a preclini- 
^ science might be the now long overdue 


development of physical therapy in this 
country. One should not conclude that I 
think it time for chemistry to cede place to 
physics. On the contrary, the development 
of chemotherapy in this country has called 
for support for the last twenty years. I 
should think the life insurance companies 
could try to regard themselves as intelligent 
businesses rather than timid trustees labor- 
ing in the light of stained glass windows. It 
would be a mark of wisdom for life insurance 
companies to put up funds for the support 
of research in chemotherapy comparable to 
those the food industry is putting up for 
research in nutrition. Think of what sulfa- 
nilamide and penicillin will save the life 
insurance companies in the next five years! 

Of course the closest companion of first- 
rate chemotherapeutic research is pharmaco- 
logical research. I would hope for measures 
leading to a substantial recruitment of first- 
rate talent in pharmacology and a far wider 
application of pharmacological methods to 
resolve problems throughout medicine. 

The time is ripening for the application 
of genetics to the study of human disease and 
normal human physiology. As a natural 
concomitant of increasing knowledge of hu- 
man heredity, I believe we shall see a growth 
in the so-called constitutional medicine" 
and that facts so obtained will illumine not 
only disease but the innate functional capac- 
ities characteristic of different persons. 

Possibly medical research will, in the next 
decade or two, hold up its method of thought 
to critical review and analysis. I find the 
level of interpretation of data so painfully 
low that, for example, I should like to hear 
no one attribute a condition to any cause 
without being obliged to specify whether he 
meant the cause to be understood as the pre- 
disposing, the precipitating, or the perpet- 
uating cause. If, as Francis Peabody in- 
sisted, a scientist is known by his mental 
processes, I believe that explicit and detailed 
research on the mental processes appropriate 
in medicine would bring great returns to 
research if only in the discipline it would 
establish. 
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One morning early in September, 1892, 
Davis Vinton hitched np his horse and 
carriage to drive over the long, dusty road 
that led to Oxford and the Oxford Fair. Af- 
ter leaving the lane and rounding the corner 
on the main road, he noticed something that 
caused him to pull up his horse and get out 
of the carriage to investigate. In the pasture 
beyond the barway and the stone wall, he saw 
one of his chickens, freshly-killed, lying on 
the ground in a welter of gore and scattered 
white feathers. 

Going back to the house, he returned with 
a steel trap which he set close to the carcass 
after first moving it so that it was not visible 
from the road, and then continued his drive 
to the Fair. Returning at dusk that evening, 
he stopped to see the results of his carefully 
laid snare. As he approached, a large bird 
with one foot gripped securely in the trap 
rose off the ground the length of the chain. 
It proved to be a large red-tail hawk in adult 
plumage. To the best of my knowledge, this 
was the last authentic record of the red-tail 
hawk in Charlton, Massachusetts. 

The red-tail hawk was the old time “Hen 
Hawk’’ of the New England farmers. Al- 
though the name was applied in response to 
the occasional captures of poultry by this 
bird, the red-tail was mainly beneficial, as it 
fed almost entirely on destructive rodents 
and insects. 

The red-tail was unquestionably the “com- 
mon hen hawk” recorded by Timothy 
Dwight, the first President of Yale Univer- 
sity, during his travels in the late 1700 ’s and 
the early 1800’s. Thoreau in Concord in the 
1840 ’s took time out from his philosophical 
soliloquies, which have ever since charmed the 
reading public, to identify scientifically his 
“hen hawk” of the buoyant wing and superb 
flight as the red-tail. 

The red-tail was definitely a bird of the 
open country. It would sit for hours on the 
dead top^ of some large isolated tree com- 
manding a view of broad pasture or meadow 
land where the hawk’s favorite prey of 
meadow mice and red squirrds or chipmunks 


could be easily seen and captured. This hawk 
shunned thick woods. For nesting, it chose 
a tall tree in an old open grove of oaks and 
chestnuts or hickories, usually on a hillside 
“where a wide range of view” obtained. In 
the eastern part of New England it usually 
chose an old pine in an open grove in swamp 
or barren sandy land. 

It was a common sight, according to the 
early ornithologists, to see the red-tail soaring 
in wide circles in the upper air, the sun 
flashing on its white underparts and cow-red 
fanshaped tail, or to see it hanging on motion- 
less wings high above its nesting grove on a 
steep hill, its wheezing notes of protest drift- 
ing down from above, dimmed to a sibilant 
whisper by the distance. 

During the “teen” years of the present 
century, I made a series of population studies 
on the hawks of Charlton. At that time my 
ornithological Bible was Samuels’ Birds of 
New England published in 1872. I was par- 
ticularly bewildered by the characterization 
made in that book of the red-tail as “com- 
mon ’ ’ throughout New England. It was soon 
apparent to me that, forty-five years later, 
the red-tail not only was one of the rarest 
hawks in the area under observation but had 
entirely disappeared as a nesting bird. 

Ornithologists for years have been calling 
attention to the dwindling of the numbers 
of this big hawk in southern New England. 
William Brewster, in writing of the Boston 
area in Hornaday’s Our TmisMng Wildlife 
in 1913, listed the red-tail among the dis- 
appearing birds of that region, stating that 
he had not seen one in Middlesex County for 
years. Forbush, in 1927 in his epochal book, 
Birds of MassachuseiiSf wrote of the red-tail 
hawk as breeding throughout New England 
in the 60 ’s and 70 ’s wherever there was tail 
timber, but that it had ceased to be a common 
bird in the twentieth century. 

In 1916 I met Mr. Calvin 0. Eawson who, 
under the nom de plume of Jennie May 
Whipple, during the 70’s, 80’s and 90’s had 
written so interestingly and comprehensively 
of the Raptores of Norwich, Conn,, in the 
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famous bird magazine of the time, the Orni- 
thologist and Oologist, Mr. Eawson had 
later moved to Woodstock, Conn. He then 
stated that there was not one red-tail in 
southern New England where before there 
had been ten. 

In 1885 Eawson had written : 

In my observations in the 0. and 0. on the Buteos of 
1S82, it was noted that a line drawn just outside and 
around this city [Norwich] would pass through the 
breeding places of 16 pairs of red-shouldered hawks. 
Now an avian atlas of this part of New London 
County would also show that an outer circle, gird- 
ling Norwich about 6 miles away would cut through 
the ancestral homes of 10 pairs of red-tails, all 
breeding on dry wooded uplands or hillsides. 

I also met, in 1917, the Eeyerend C. M. 
Jones who used to write of the birds of East- 
ford, Connecticut, in the same Ornithologist 
and Oologist; he also remarked on the dis- 
appearance of the red-tail from its old haunts 
with the conjecture that its nesting sites had 
been destroyed by the cutting of the wood- 
lands. 

So the passing of the red-tail hawk from 
many parts of southern New England has 
been noted,- its disappearance has become 
one of the ornithological ponderables along 
with that of the red-headed woodpecker, the 
dickcissel, and the purple martin, all of 
which vacated southern New England dur- 
ing the last fifty years of the nineteenth 
century. With the red-headed woodpecker, 
the cutting off of the last few remaining orig- 
inal oak and beech groves deprived the bird 
of its winter forage, while the cold, wet 
spring of 1904 finished the purple martin. 

The last nesting record for the red-tail 
hawk in the Charlton area was furnished by 
Mr. David Stevens in 1918. During the late 
80 ^s he worked at the granite quarry located 
on a steep rocky hill just over the Charlton 
line in Dudley, Mass. On this hiUside a pair 
of red-tail hawks had a huge nest in a tall 
chestnut tree. However, these woods were all 
cut down during the 90^s and the hawks dis- 
appeared. 

Here we have a clue to one of the reasons 
for the passing of the red-tail in certain areas. 
When I made my studies in Charlton from 
1914 to 1920, all the old oak and chestnut 
woodlots had been cut down, and in their 
place grew thick brush and dense young 
wbo#. The red-tail hawk, deprived of its 


nesting requirements, had simply vanished. 
Even though the red-tail was probably the 
most persecuted of our hawks by trap and 
gun, it remained for the destruction of its 
nesting grounds to cause it to vanish com- 
pletely. 

There was at that time, during the 
‘‘teens,’’ a goodly complement of nesting 
hawks in Charlton but they were of species 
less affected by the changing ecological con- 
ditions. During the six years ending in 1920, 
I noted six species, averaging 29 pairs of 
nesting hawks in Charlton township — about 
one pair per thousand acres. In Stamford, 
Connecticut, I made similar studies on the 
nesting hawk populations from 1929 to 1939. 
Here I found five species, averaging 35 nest- 
ing pairs — about one pair to every 690 acres. 
The nesting hawks in both Charlton and 
Stamford were, of course, not evenly dis- 
tributed but occurred where their ecological 
requirements were fulfilled. 

A comparison of the Charlton and Stam- 
ford populations may well be noted (Table 
1). In Stamford as well as in many other 
sections of rocky southwestern Connecticut, 
the lack of the red-tail hawk cannot be 


TABLE 1 

Average Number op Pairs op Nesting Hawks in 
Charlton, Mass., anb Stamporb, Conn, 


Species of 
nesting hawks 

Charlton, 

Mass. 

1914r-1920 

Stamford, 

Conn. 

1929-1939 

Red-shoulder 

10 

15 

Broadwing 

6 

8 

Sharpshin . 

6 

5 

Cooper . . 

3 

1(?) 

Marsh . . . 

3 

0 

Sparrow 

1 

6 

Red-tail , 

0 

0 


ascribed to scarcity of oak woodlands for 
nesting, although it must be admitted that 
there are no open old groves. Eather can it 
, be correlated with the passing of agriculture 
and the growing up of the old pastures and 
meadows to brush which impedes the hunt- 
ing of the red-tail hawk. The red-tail finds 
its food in the open. When it attempts to 
capture prey in the brush it gets into trouble. 
An incident recorded in one of the last num- 
bers of the Ornithologist and Oologist de- 
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scribes an attempt of a red-tail, in pursuit 
of prey, to swoop into a thicket of brush with 
the result that most of its wing feathers were 
ripped off. 

The same ecological factors in the Stam- 
ford area have militated against the cooper 
hawk and the marsh hawk, both of which are 
birds of the open country so far as their 
hunting habits are concerned. But the 
cooper hawk was a vanishing species in the 

teens” in Charlton also, at a time when 
there was still plenty of open country. 

The history of the cooper hawk — ^the old- 
fashioned ‘‘chicken hawk” of the farmers — 
in New England has been of great interest 
and has been noted by a number of orni- 
thologists. In the early part of the 19th 
century this hawk was said to have been rare 
in New England. Nuttall and other early 
writers barely mentioned it. By 1872, how- 
ever, Samuels had noted its increase in New 
England and, in 1881, Rawson stated that it 
was the most abundant of the Raptores. 
Then a decline set in and in 1927 Porbush 
had noted its decrease in Massachusetts. In 
1913, Sage in his The Birds of Connecticut 
said that the cooper hawk “is annually be- 
coming rarer over most of the state.” 

In 1915 and 1916 I questioned a number of 
farmers in south-central New England and 
the consensus of opinion was found in such 
statements as: “chicken hawks are getting 
scarce,” “not nearly as common as they used 
to be, ” and ‘ ‘ never see them anymore. ’ ’ The 
cooper hawk was the hawk most likely to 
catch chickens and it was presumed that these 
observations applied to that species. 

Born on a farm specializing in the raising 
of poultry within seventeen miles of the 
Worcester, Massachusetts, market, one of my 
earliest recollections as a young boy was that 
of a hawk — ^which I later knew must have 
been a cooper — dropping out of the sky into 
a field near the farmhouse where young 
chickens were running loose, the quick clutch 
of talons, and the bearing away of the vic- 
tim. Transfixed by the rapidity of events, 
I saw my grandfather rush to the scene and 
let drive with both barrels of a 12-gauge 
shotgun at the hawk mounting in circles 
overhead. I don^t think the hawk was hit, 
but it did drop the chicken, which fell down 
on the ground almost at my feet. 


Very few chickens were ever lost to hawks 
in the seventeen years that this poultry farm 
was maintained, and they were taken by 
cooper and sharpshins. There were farms 
in that area then where losses of poultry to 
hawks were claimed, but the figures were 
probably more fabulous than factual. Those 
were halcyon days for the cooper hawk. 
Many were shot at but few were hit. Most 
likely to be hit were the innocent and bene- 
ficial broadwing and red-shoulder hawks, 
neither of which I have ever known to take 
poultry. Both subsist largely on mice, in- 
sects, frogs, and snakes. 

I recall a farmyard apple tree festooned 
with the bodies of three broadwings, a red- 
shoulder, and a sharpshin, dangling from the 
branches by fishlines secured to their legs. 
This “hangtree” with its feathered mummies 
dancing in the wind was supposed to be an 
object lesson to all hawks — a horrible ex- 
ample to keep them at a distance. The 
coopers paid not the slightest heed to that 
warning, but came back time and time again, 
usually getting a chicken at each visit. 

What accounted for the decline of the 
cooper hawk in southern New England? 
Probably one factor was the decrease in land 
under agriculture, particularly the decline 
in poultry raising on the average farm. An- 
other was the increasing precautions of the 
specialized poultryman who no longer let his 
chickens run loose where they might be 
picked up by hawks or other predators, but 
protected them by poultry wire. 

A singular incident occurred on May 3, 
1940, in North Stamford, Connecticut, dur- 
ing the height of the northward migration of 
hawks. A cooper hawk swooping close to the 
ground at a chicken in an enclosure hit full- 
tilt against the poultry wire and broke its 
neck. An examination showed that the 
hawk’s shortsightedness was due to a blind 
eye which may have been diseased or injured 
in some avian altercation. 

Starlings exhibit a particular rancor to- 
ward the cooper hawk and fioek around it 
in flight, attacking it en masse and usually 
driving for the eyes of their object of tor- 
ment. It is possible that a lucky blow would 
extinguish the sight of this member, and this 
may have happened to the hawk in question. 
However, such accidents are probably rare 
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and would not affect the numbers of the 
cooper hawk as seriously as lack of food or 
protection of its wild prey by the increasing 
amount of cover, both factors of mounting 
importance. The cooper's mainstay of poul- 
try becomes more and more inaccessible while 
its secondary fare likewise becomes more un- 
obtainable under present conditions. 

Thus good hunting is over for the cooper 
hawk. It is only in areas where poultry have 
the run of the farmland that the hawk can 
catch his chicken. The cooper hawk has al- 
ways specialized in game or poultry in the 
open. It has difficulty catching many of the 
native wild birds. I have seen flickers and 
meadowlarks elude the swoop of this hawk on 
several occasions. Its hunting is, moreover, 
made particularly difficult where the coun- 
tryside is covered with thick brush and 
thicket growth. 


The extirpation of the quail in many parts 
of southern New England by a combination 
of the cold winters of late years and the 
abandonment of planting small grains by the 
farmers has no doubt deprived the cooper 
hawk of another favorite item of food. 

In southern New England, therefore, scar- 
city and unavailability of food and the pres- 
ence of too much covering brush and thicket 
areas have produced conditions making the 
existence of the cooper hawk as a nesting bird 
precarious, if not impossible. 

In a way this chicken hawk symbolizes the 
erstwhile marginal farmer, whose footloose 
and errant poultry fed the lean and hungry 
coopers of former years, and who was im- 
pelled by natural and economic forces beyond 
his control to abandon tilling the stern and 
rockbound soil of New England and to seek 
his livelihood in some other pursuit. 


A MAN WITH A HOE 


As I drew a still fresher soil 
about the rows with my hoe, I dis- 
turbed the ashes of imchromcled 
nations who in primeval years 
lived under these heavens, and 
their small implements of war 
and hunting were brought to the 
light of this modern day. They 
lay mingled with other natural 
stones, some of which bore the 
marks of having been burned by 
Indian fires, and some by the sun 5 and also bits of 
pottery and glass brought hither by the recent culti- 
vators of the soil. When my hoe tinkled against the 
stones, that music echoed to the woods and the sky, 
and was an accompaniment to my labor which yielded 
an instant and immeasurable crop. It was no longer 
beans that I hoed, nor I that hoed beans j and I re- 
membered with as much pity as pride, if I remem- 
bered at all, my acquaintances who had gone to the 
city to attend the oratorios. The night-hawk circled 
overhead in the sunny afternoons — for I sometimes 
made a day of it — ^Uke a mote in the eye, or in 
Heaven’s eye; falling from time to time with a 
swoop and a sound as if the heavens were rent, torn 


at last to very rags and tatters, and yet a seamless 
cope remained: small imps that fill the air, and lay 
their eggs on tho ground on bare sand or rooks on the 
tops of hills, whore few have found them; graceful 
and slender, liko ripples caught up from the pond, 
as leaves are raised by the wind to float in the heav- 
ens; such Idndrodship is in Nature. The hawk is 
aerial brother of tho wave which he sails over and 
surveys, those his perfect air-inflated wings answer- 
ing to the elemental unfledged pinions of the sea. 
Or sometimes I watched a pair of hen-hawks circling 
high in the sky, alternately soaring and descending, 
approaching and leaving one another, as if they were 
the embodiment of my own thoughts. Or I was at- 
tracted by the passage of wild pigeons from this 
wood to that, with a slight quivering winnowing 
sound and carrier haste; or from under a rotten 
stump my hoe turned up a sluggish, portentious, and 
outlandish spotted salamander , — & trace of Egypt 
and the Nile, yet our contemporary. When I paused 
to lean on my hoe, these sounds and sights I heard 
and saw anywhere in the row, a part of the inex- 
haustible entertainment which the country offers. 

— ^From Walden, by Henry I). Thoxeau 




TELEOLOGICAL ARGUMENTS 

By ARCHIE J. BAHM 


Arguments for the view that the world has 
a purpose are many and devious and based 
often upon curious and dubious premises. 
In the following, some of the more typical 
arguments have been selected, stated, and 
‘^refuted” — ^refutations consisting of criti- 
cisms typically raised against the arguments. 
Insofar as the case for the view is refuted, 
the case against the view is not thereby estab- 
lished. This case must be established on its 
own account. Arguments for the view that 
the world has no purpose, and criticisms of 
these arguments, have not been included 
here. As to the validity either of the argu- 
ments or of the criticisms, the reader will 
judge for himself. 

Design, Familiar to all is the argument 
that ‘‘the world has a pattern and therefore 
must have a purpose.’’ Different terms are 
used to express what is meant by “pattern,” 
such as “design,” “structure,” “order.” 
Usually the argument is stated so as to in- 
volve a purposer. For example, beginning 
with the assumption that the world has a 
design, the argument deduces that “there 
can be no design without a designer and that 
if a designer produced a design he must 
have done so for a purpose. Thus, if the 
world has a design, it must have a purpose.” 

Critics attack the argument in several 
ways. They say that the assumption that 
“the world has a design” is unwarranted. 
For there is also obvious disorder and lack 
of design which cannot be ignored in claim- 
ing that the world as a whole has a purpose, 
and it is possible that only our part of the 
world is orderly and the rest of the world 
which we do not know is chaotic and disord- 
erly, and design may be merely apparent or 
a product of the processes of perception in 
human beings who are uniquely purposive 
and yet persist anthropomorphically in in- 
terpreting all other things as purposive. 

Secondly, critics contend that the assump- 
tion that “there can be no design without a 
designer” is false. At least some designs 
are accidental. For example, ink drops 


folded in paper sometimes appear strikingly 
symmetrical. If some patterns are produced 
unpurposively, then it is at least possible that 
such patterns as the world as a whole may 
have have been produced unpurposively. 
Also, perhaps teleologists have been deceived 
by ambiguities of the term “design.” Some- 
times “design” means “intention” or “pur- 
pose,” as when one asks, “What did you 
design to do?” Here, of course, “design” 
involves “purpose.” But “design” also 
means pattern apart from purpose, as ex- 
emplified by patterns produced accidentally. 
Thus deduction of “intended pattern” from 
mere “pattern” is unwarranted. 

Thirdly, critics point out that even if the 
world has a design and a designer, it still 
would not follow that “if a designer pro- 
duced a design, he must have done so for a 
purpose.” For he too might have produced 
the world accidentally, or he might be de- 
signing the world as a consequence of some 
mechanical necessity rather than as a result 
of purpose. Finally, even though the world 
was designed for a purpose in the past, there 
is the possibility that it now no longer has 
the purpose that it once had, because it may 
have lost its purpose, or it may have fulfilled 
its purpose. If so, patterns produced by 
previous purposiveness may remain without 
the patterns remaining purposeful. 

Such criticisms seem not to down those 
who would argue from design. When at- 
tacked, they reply not so much by refuting 
these criticisms as by reiterating their argu- 
ment in a more plausible form. The three 
following arguments, from analogy, from 
complexity, and from evolution are really 
variations of, or extensions of, the argument 
from design. 

Analogy, “Even as a watch requires a 
watch-maker, a building an architect, an 
airplane a designer, a vessel a potter, so the 
world-machine requires a master-watch- 
maker, a master-architect, a master-designer, 
a master-potter. The number of obvious 
eases is so large that surely the argument 
from this analogy is warranted. Even 
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though it cannot be deduced that the world 
has a purpose, still it seems highly probable. 

Critics usually grant that there is some 
evidence for the analogy and admit that, 
strictly speaking, the conclusion does have 
some degree of probability. But the degree 
is not high. For, while illustrations may be 
multiplied tiresomely, they nevertheless are 
selected examples and represent limitations 
of man's anthropomorphic perspective. Be- 
lievers tend to see what they look for and 
the evidence presented represents, even 
though innocently, a stacking of the cards, 
One might, if he tried, find even more illus- 
trations wherein no analogous purposiveness 
is obvious. 

Furthermore, even if the examples were se- 
lected without bias and the evidence for pur- 
posiveness of parts of the world were over- 
whelming, still it would not follow that the 
world as a whole is purposive. The argument 
from purposiveness of parts of the world to 
purposiveness of the whole world involves 
what logicians call the * ‘fallacy of composi- 
tion.*' The fallacy in the argument, “This 
is a bunch of large apples, therefore this is a 
large bunch of apples," and the fallacy in the 
argument, “This world is made up of pur- 
posive beings, therefore this world is pur- 
posively made up," is the same. 

C omplexity. ‘ ‘ Even though some patterns 
might occur accidentally, man is too complex 
and intricate to have just happened. Man's 
chemical, physical, biological, physiological, 
psychological, economic, political, ethical, 
aesthetic, and religious interrelations all fit 
together in multitudes of delicate adjust- 
ments. Literary and artistic productions, 
governments and industries, moral codes and 
religious hierarchies do not just happen. 
Such amazing intricateness presupposes pur- 
posiveness." 

Critics respond in four ways. First, com- 
plexity is relative. To anything that is rela- 
tively complex, something more simple would 
seem relatively simple. And to anything 
that is relatively simple, something more com- 
plex would seem relatively complex. The 
world is more complex than the minds which 
try to comprehend it, so the complexity of the 
world seems relatively complex to compara- 
tively mmple human minds. Relatively 
^hnple minds may be easily amazed. Such 


amazement at complexity is hardly proof of 
purposiveness in complexity. Secondly, the 
possibility that the world is one of pure 
chance, is made up of an infinite number of 
elements, and has endured or will endure for 
an infinite time suggests the possibility that 
the number and complexity of possible com- 
binations is infinite. If, then, infinite com- 
plexity may occur from pure chance, com- 
plexity hardly presupposes purposiveness. 
Similarly, if the world is mechanically de- 
termined, complexity of result merely pre- 
supposes complexity of cause, rather than 
purposiveness. Critics contend that those 
who appeal to amazing complexity as proof 
of purpose merely reveal their ignorance of 
the complexity of mechanical causation. 
Finally, if complexity presupposes purpose, 
surely it presupposes complexity of purpose. 
It seems questionable whether any purpose 
or purposer could be complex enough to take 
into consideration all of the complexities that 
actually occur. How could such successive 
series of so many simultaneous complexities 
be integrated into a single purpose? One 
might as easily argue that the world is too 
complex to have been purposed as to argue 
that complexity presupposes purpose. Fur- 
thermore, if the purpose is at least as complex 
as its purposed product, what purpose could 
there be in duplicating the complexity? 

Evolution. Although the idea of biological 
evolution was once ardently opposed by those 
who believed it inconsistent with the idea of 
world purposiveness, it is now appealed to as 
one of the strongest evidences of world 
purposiveness. “Evolution seems directed 
toward certain ends. Mere complexity may 
not presuppose purposiveness, but complex- 
ity that is going somewhere does. Evidence 
of direction is plentiful. Each stage of the 
reproductive cycle seems to serve the next 
stage. Each species that developed seems to 
have served as a basis for the development of 
later species* The history of biological de- 
velopment toward, and to, purposive man 
surely must have been for a purpose." 
Some biologists even appeal to world pur- 
posiveness for proof of the previous existence 
of what some call “missing links." These 
had to be in order to fulfill the purpose obvi- 
ous in biological evolution. “Furthermore," 
some say, “this is a world in which the fit 
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survive, and since evolution has been rather 
consistently toward those beings which are 
more purposive, surely the superior success 
in survival of the more purposive beings 
argues for world purposiveness.’’ 

Critics accustomed to defending biological 
evolution in non-teleological terms may be 
somewhat taken aback by this appeal of 
teleologists to evolution. However, upon 
recovery, they contend that biological evolu- 
tion has been, and for the most part still is, 
explained without appealing to world pur- 
pose. Thus the idea of purpose is not neces- 
sary to evolution. That evolution has direc- 
tion may be admitted, but that direction 
always implies purpose may be refuted by 
pointing out that anything that goes any- 
where goes in some direction. The wind 
blows first in one direction and then in an- 
other; but this is no evidence of change in 
purpose or of purposiveness of any sort. 
Furthermore, if evolution of species serves 
a purpose, why have some species developed 
only to become extinct? Some have de- 
veloped not merely to lay the foundation for 
higher species in the line of development to 
man, but for other lines of development 
which eventually cease. Do some purposes 
end? Is it a part of the world purpose that 
some purposes end? Is such purpose as the 
world as a whole is supposed to have also 
endable? 

Critics point out further that multitudes 
of simple species continue to exist, to sur- 
vive, as well as complex and more purposive 
species. Thus, apparently, development in 
purposiveness is not essential to survival. 
Likewise, even if it be granted that more 
purposive beings survive better than less 
purposive beings, still it would not follow 
that such superior success in survival is for 
a purpose. Survival of purpose does not im- 
ply survival for a purpose. Finally, the 
argument illustrates human conceitedness 
rather than objective fact. The purpose of 
evolution, as thus interpreted, is to develop 
man, and man is the end, the completion, the 
perfection of the process. We accept the 
teleological interpretation of evolution be- 
cause it glorifies man as a superior product 
which required so many difiScult aeons of pre- 
paration. Even those who add that the pur- 
pose of the evolution of man is to serve God 
do so in the interest of human conceit by say- 


ing, or implying, that man is the chief object 
of God’s attention, and the trouble God went 
to in planning such a complicated evolution 
demonstrates the greatness of God’s consid- 
eration for man. But, if man could discount 
his own conceit, he would see that the argu- 
ment for world purposiveness from evolu- 
tion would have little basis. 

Value. ‘‘Even though the previous argu- 
ments from design, analogy, complexity, and 
evolution fail to prove that the world has a 
purpose, one other additional argument does. 
Value or goodness exists. Many types of 
value or goodness exist. For example, the 
value of life, of hope, of love, of companion- 
ship, of beauty, of faith, of honor, of loyalty 
— ^these could not just have happened or 
have been mechanically caused. Literature, 
music, art, drama, painting, pageantry, 
and poetry, are more than machine-made or 
circumstantial products. The ecstaey of love, 
the sublimity of symphonic music, the peace 
of worship, the exaltation of success, the in- 
spiration of faith in the future — ^all of these 
are values which could not just have hap- 
pened. Life is too worth-while just to have 
occurred.” 

Critics may hedge and hesitate to explain 
value in non-purposive terms, but usually 
they hold that even though it is not neces- 
sary, yet it is possible to do so. Value con- 
sists in pleasant feeling and pleasant feeling 
is produced in bodies by proper stimulation 
or, according to at least one psychologist, 
when synaptic resistance to nervous impulses 
is decreasing. Such reduction of resistance 
is explainable completely by chemical and 
physical interpretation. Value exists in the 
world because those chemical combinations 
organized into living beings that produced 
pleasure survived better than non-pleasure- 
producing living beings. Synaptic and 
glandular conditions may cause objects to 
appear magnificent, grandiloquent, ecstatic, 
but such illusions merely happen to have been 
useful for survival rather than to be true 
ideas about the real world. Values exist, but 
exist as illusions, albeit happy and pleasur- 
able illusions. Illusions of values may beget 
illusions of purposiveness, but unless these 
illusions also are enjoyable there is no point 
in being deceived by them. 

Critics call attention also to the existence 
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of evil. Values might serve a purpose, but 
what good is evil ? The horror, fear, hatred, 
auguish, pain, ugliness, nausea, and suffering 
of life and death are a part of the total pic- 
ture. There is too much evil in the world for 
anyone to have planned it that way. The 
existence of evil is at least as much proof 
that the world has no purpose as is the exis- 
tence of good proof that the world has a 
purpose. If teleologists assert that evil is 
mixed with the good to make it all better, 
critics reply that neither the observable suf- 
fering nor the common promise of eternal 
punishment warrant such optimism. If one 
has to choose between believing that the 
world has no purpose and believing that the 
world has a predominantly evil purpose, 
surely the former would be more desirable. 

Progress. “Progress is possible. And 
progress means development toward some- 
thing better or more good, toward some goal 
or end, toward some purpose. If there were 
no purpose, there could be no progress. But 
there is progress, therefore there must be 
purpose.” 

Critics may admit that progress is possible. 
But so is regress. Life can get better, and 
life can get worse. “The best laid schemes 
of mice and men gang aft agley and leave us 
nought but grief and pain for promised joy.” 
Vhio can tell whether our present optimism 
about a more glorious future is justified? 
In the end all values may be destroyed. In 
the end there may be an end to both good and 
evil. Those who continue to be in torment 
and anguish say, “Let it come quickly.” 
“Ashes to ashes and dust to dust,” and be- 
tween the two a period of pleasure and pain, 
which while we have it we should enjoy and 
hope happily, but when it is ended ends all 
for us. Purpose there may be, but progress 
and regress do not prove it. 

Cause. “ The world was created. If the 
yrorid had not been created for a purpose, it 
would not have been created. For to be 
created or to be caused means to be caused 
fot some reason. If there were no reason for 
a thing mining into being, it could not come 
Into being. ‘Jteason for being’ is just another 
Idr ‘cause.’ But ‘reasoU for bang’ 
,1^^' nie^ns ‘purpose.* Therefore, to be 
to be purp<^ed.“*’ 


Objection may be raised that the assump- 
tion that the world was created is highly 
dubious. For, it is possible that the world 
always existed, that it had no beginning, that 
it has been eternally. Or, if it did not exist 
eternally, then whatever caused it to exist 
either existed eternally or was caused by 
something which either existed or was caused 
by something which existed eternally, and so 
on. Thus, either the premise, ‘ ‘ the world was 
created,” is false, and thus the conclusion 
does not follow, or the difficulties which one 
seeks to avoid by postulating creation are 
simply pushed back to that which did the 
creating. If the latter be granted, that is, 
that the world was created, then was that 
which created the world itself created? If 
not, then it had no creator and thus no rea- 
son for being. Thus there would be an un- 
caused and unpurposed creator of the world. 
But if so, the creator of the world must, by 
the same argument, have been created for a 
purpose; and the creator of this creator 
either must have been created for a purpose 
or have existed eternally unpurposed. Thus 
purpose must have arisen somehow without 
being caused or purposed by some ultimate 
purpose. And even if there were an endless 
series of creative purposes, one might still 
ask, “Was the series as a whole purposed?” 

Definition of “cause” as meaning the same 
as “reason for being” begs a question which 
critics will not admit. Causes are “necessary 
and sufficient conditions,” not “reasons.” 
“Eeason for being” is a loose popular ex- 
pression developed in a background which 
was saturated with human purposiveness. 
Neither looseness and ambiguousness of popu- 
lar usage nor question-begging presup- 
position of purposiveness can be admitted as 
proof of world purposiveness. “To be 
caused” does not mean “to be purposed.” 

Authority. Except for appeal to design, 
probably the most common argument is ap- 
peal to authority. Especially those who have 
tried to argue, and seem to themselves to fail, 
appeal to authority, which sometimes seems 
to be above argument. Authorities of many 
kinds are appealed to — eminent men, the 
Bible, the Church, Jesus, God. This type of 
argument may be illustrated by the appeal 
to the authority of God. "God, throng 
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revelation, has said that the world has a 
purpose, and what God says is so, is so/^ 

Critics are expected to cringe before this 
appeal to the authority of God himself, yet in 
fact they seldom do. They rebut as follows: 
Is there a God? One first has to prove that 
God exists before he can claim that God is an 
authority. One of the commonest arguments 
for the existence of God is the argument from 
world purposiveness: ‘^The world has a pur- 
pose, therefore the world must have a pur- 
poser, namely, God.” However, such an 
argument presupposes that the world has a 
purpose, whereas the present argument for 
world purposiveness presupposes the exis- 
tence of God. Using both of these arguments 
would be to commit the fallacy of ‘^reason- 
ing in a circle.” Thus, unless one can find 
some other proofs of God’s existence or can 
get his critic to grant it, he will be unable to 
prove his case. But even granting that God 
exists, it does not follow that the world has a 
purpose, because God might have created the 
world accidentally, or have created the world 
as a result of mechanical necessity, or have 
created the world in the past for a purpose 
which he has now forgotten. Furthermore, 
still granting that God exists, does it follow 
that God is an authority? God might exist 
without being a person, or without being 
actively interested in the world (as Deists 
claim) , or without being interested in acting 
authoritatively. However, granting both 
God’s existence and authoritativeness, did 
God ever say that the world has a purpose? 
All alleged reports of God’s speaking to per- 
sons in such a way that one might infer that 
the world has a purpose are dubious. Some- 
one has questioned every one of them. Fur- 
thermore, all those who appeal, not to the 
writings of historical revelators, but to their 
own experience in communion with God and 
of his revelation directly to them that the 
world does have a purpose have been accused 
of self -hypnosis and self-deception. Also, 
evidence may be presented for God’s non- 
authoritativeness. For example, there are 
contradictions among contentions of dif- 
ferent revelators and most revelators contra- 
dict themselves sooner or later. Such con- 
tradictions prove that God was not involved, 
because God is always consistent. 

Self-contradiction hy mechamsts. “Those 


who claim that nothing has a purpose do so 
for a purpose, and thereby contradict them- 
selves. The very laws of mechanics used as 
a basis for explaining the behavior of things 
non-purposively were formulated by human 
minds for a purpose. Mechanists would be 
the first to discard those mechanical laws 
which were not suited to their purposes.” 

Mechanists reply that the claimed contra- 
diction is only an apparent one, not a real 
one. For mechanists explain purpose in non- 
purposive, or mechanical, terms. Purpose is 
a notion in a causally (non-purposively) de- 
termined mind. Even if the mechanist seems 
to those who interpret things purposively to 
be acting purposively, he claims that such 
purposes are mechanically caused. Thus he 
involves no contradiction. 

Proof ly mechanists. ‘ ‘ Since every normal 
person seems to himself at times to act for a 
purpose, everyone must admit that there are 
at least human purposes in the world. If, as 
mechanists claim, the world is uniform, then 
if there is purpose in part of it, why not also 
in all of it? Furthermore, since, for the 
mechanists, nothing can occur spontaneously 
but everything must have a cause that is 
capable of causing it, purposes which do ex- 
ist must have been caused, and in order for 
them to have been caused there must have 
existed in the world other prior purposes 
capable of causing them. These prior pur- 
poses must have been caused by still earlier 
purposes, either backward infinitely or by 
some first or ultimate purpose. Thus mecha- 
nism really presupposes world purposive- 
ness.” 

Mechanists may grant that personal pur- 
poses constitute a part of the world, but 
maintain that it does not follow that the whole 
world is made up of personal purposes nor 
that the world as a whole has a purpose. 
“Uniformity of nature” does not mean that 
everything is alike, but only that when a 
given set of causal conditions recurs there 
will result an exactly similar set of effects. 
Arguments from parts to whole are unwar- 
ranted, as can be seen from the example of 
a worm in a partly rotten apple. If he is in 
the rotten part, it may seem all rotten. If he 
is in the good part, it may seem all good. If 
he is on a border between the two, it may 
seem either a good apple with a rotten part 
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or a rotten apple with a good part. One 
might just as easily argue for non-purposive- 
ness of the whole world on similar grounds, 
for everyone will admit also that some experi- 
ences seem lacking in purpose. 

Unprovability of mechanism. Since 
human knowledge is limited and since there 
is much about the universe that we can never 
know, mechanists can never prove conclu- 
sively that the world has no purpose. For 
even if it were provable that everything in 
the known universe is non-purposive, it still 
would not follow that the rest of the universe 
which we do not know is non-purposive. So 
long as complete mechanism is unprovable, it 
is reasonable to suppose that teleology is 
true.’' 

Mechanists reply with almost exactly the 
same argument. Since human knowledge 
is limited and there is a part of the world 
which we shall never know, even if it could 
be demonstrated that everything in the part 
of the world which we do know is purposive, 
it still would not follow either that the rest 
of the world is purposive or that the world 
as a whole has a purpose.” 

Universal agreement. ^Teople of all times 
and places have believed that the world is 
purposive. Except for a few oddities, every- 
one believes that the world has a purpose. 
Can such a great majority be in error?” 

Normal rejoinder is that popular agree- 
ment is no safe proof of truth of any belief. 
For thousands of years people agreed falsely 
that the earth is flat. Likewise, all people 
naturally believe that color exists in things 
independently of persons who see it; yet 
scientists tell us that color as experienced 
is not really out there, even though naturally 
we must continue to act as if it were. Such 
illusion is convenient, useful, natural, and 
universal, but not for those reasons true. 
Popular consensus is indicative not so much 
of cosmic teleology as of anthropomorphic 
teleology. People believe that the world is 
purposive, not because the world as a whole 
has a purpose, but because people are pur- 
posive and tend to interpret other things as 
if they were like people. This accounts for 
universal agreement about world purposive- 
ness at least as adequately as does the theory 
the world as a whole has a purpose. 


Furthermore, who knows what the popular 
consensus is? No poll of opinion on this 
question has ever been taken. No one can 
say with certainty that everyone does be- 
lieve that the world has a purpose, certainly 
not with regard to those of the past who can 
no longer be polled, nor those of the future 
not yet pollable. 

Pragmatism. Many pragmatists define 
truth thus: ‘‘Those beliefs which work suc- 
cessfully, which are useful in adjusting our- 
selves to our environment or in solving our 
problems, are true. And those beliefs which 
work most successfully are most true.” 
Teleologists who accept this pragmatic defi- 
nition of truth say, “The belief that the 
world has a purpose works successfully and 
therefore is true. Furthermore, people who 
have faith in world purposiveness get along 
better and are happier than those who do not. 
Thus, it works more successfully and thus is 
more true.” 

“But,” say mechanists, “such success of 
teleologists is due to the fact that they 
haven’t yet tried to use their belief in areas 
where it won’t work so successfully. Every- 
one has some ideas which work well for a 
while or in certain areas, but which have to 
be given up when used in wider areas or over 
a longer period of time. Teleologists are 
simply less-experienced than the mecha- 
nists.” Using exactly the same definition of 
truth, some mechanists seek to “turn the 
tables” by saying that the belief in mecha- 
nism works better than the belief in teleology. 
Appeal is made to the comparative adequacies 
of the teleological and mechanistic hy- 
potheses in promoting scientific progress. 
Mechanists claim that most science presup- 
poses mechanism and the progress of science 
stands as testimony of the superior success of 
the mechanistic hypothesis. The history of 
scientific progress is a succession of stories in 
which belief in mysterious purposes was 
given up for belief in the reign of natural 
law. Relative backwardness of the social 
and political sciences is accounted for because 
they deal with areas in which people are 
least willing to give up their illusions about 
cosmic teleology and accept the more useful 
mechanistic hypothesis. If the pragmatic 
test proves anything, they claim, it proves 
that mechanism is more true. 



FRANCISCO HERNANDEZ: NATURALIST, 1515-1578 

By VICTOR W. VON HAGEN 


Within fifty years after the discovery of 
the New World, the conquest of the Americas 
was complete. Native resistance had been 
annihilated. The civilizations of the Aztecs, 
the Ohibchas, and the Incas were reduced 
sufficiently so that organization could take 
place. In order to make the new territory 
easier to administer, the Spanish Crown de- 
creed that the peoples of these vast lands 
with all their varied customs should be 
studied and that the native plants and ani- 
mals should be thoroughly investigated. 
Henceforth every ship that left Spain car- 
ried its historiographers, notaries, lawyers, 
and eventually natural philosophers, among 
whom was Francisco Hernandez. 

Hernandez, it was true, had been preceded 
by others, notably Gonzalo Fernandez de 
Oviedo. As warden of Castillo de Oro, now 
the territory of Northern Panama, Oviedo 
had gathered together a wealth of informa- 
tion. But he told too much. The Council 
of the Indies, who guided the destinies of the 
New World, was adamant on this point. Be- 
cause of this, only a fraction of Oviedo’s 
travels and inquiries became known, and his 
reports whetted, without satisfying, the ap- 
petites of knowledge-starved Europeans. 
Still, Oviedo’s work, despite its emasculation, 
served its purpose, for it aroused the interest 
of Francisco Hernandez, who was to become 
our first American naturalist. 

A native of Toledo, a graduate of medicine 
from the University of Salamanca, and then, 
by the grace of his curing talents, Physician- 
in-Ordinary to Philip II, Hernandez became 
obsessed with the desire to conduct an expedi- 
tion to Nueva Espana, and there, after ex- 
ploration, to prepare a complete natural 
history of the country, including a catalogue 
of its plants and animals, a history of its 
ancient culture, and a detailed map of the 
whole province. Hernandez did not allow 
his desire to remain dormant; he daily be- 
sieged his royal patient, Philip, with projects, 
plans, and charts. At last the King of Spain 
was convinced. Hernandez would lead such 
an expedition, and it would be financed by 


his royal purse. Thus in the spring of 1570 
the first government-sponsored scientific ex- 
pedition set out from the Kingdom of Spain. 

For five years Hernandez and his expedi- 
tion moved through the length and breadth 
of Mexico. From the lush lowlands of Vera 
Cruz and Tabasco to the verdure-splashed 
hills of Puebla, Morelos, and Guerrero, they 
picked their way. They traversed superbly 
cultivated valleys and tramped in primeval 
jungles. Hernandez noted the fine, shapely 
natives, “who, were they dressed and kept 
from the sun and air, would be almost as 
white as in Spain.” Yet, most of all, this 
medico-naturalist was impressed and en- 
chanted by the great varieties of plants and 
the never-ending parade of birds, from the 
diminutive hummingbird to the ridiculous- 
beaked toucan. 

Hernandez’ Mexico was an ancient land 
which, despite its rape by Cortes and his 
myrmidons, still kept to its age-old folkways. 
The Indians were docile, without being, as 
yet, subservient. They remembered their 
past and their traditions, and served Her- 
nandez well. He was generously supplied 
with native interpreters and artists; and 
also with collectors and naturalists, for Mon- 
tezuma had kept a large aviary. 

Hernandez traveled everywhere. All the 
important animals of New Spain were de- 
scribed by him and figured by his artists : the 
jabali or wild pig, the jaguar, the armadillo, 
chameleons, the hairless Chihuahua, the 
California horned toad, and even a North 
American bison. But his most important 
work was done on the botany of Mexico. 

Hernandez divided the plant kingdom of 
the Aztec into two great natural orders, the 
woody {qumh) and the herbaceous (xiuh), 
and subdivided these plants and trees into 
four great artificial classes according to their 
uses : the edible, the medieinal, the ornamen- 
tal, and the economic. Hernandez collected 
medicinal plants assiduously and gave them 
the greatest attention. He was careful to 
note from his Aztec interpreters whether a 
plant was used as a pectoral, stomachic, 
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diuretic, emollient, or soporific — ^and where 
knowledge was lacking, Hernandez made 
himself the guinea-pig. In Michoacan, he 
purposely swallowed some latex of the plant 
known as Chupri (identified later as a spe- 
cies of the genus Euphorbia, the deadly 
spurge). For months he lingered miserably 
between life and death. Then the work 


went on. 

The real value of his subsequent thesaurus 
resulted from Hernandez’ recognition of the 
value of his Indian collaborators. All his 
information came from these skilled inform- 
ants, who knew the native plants and their 
characters, synonymy, and classification — 
all of which Hernandez put into his notes. 
As he confesses in his thesaurus, they made 
his great work possible. Native artists illus- 
trated each plant that Hernandez collected, 
and these drawings, with the descriptions of 
the collected plants, became the basis for his 
thesaurus. The first eight books or chapters 
of the volume that was finally published were 
devoted to botany. His thesaurus is to be re- 
garded as a mammoth ethnobotanical herbal 
on Dioscoridian lines. 

In five years he had fiOiled sixteen folio vol- 
umes. In 1576, in the sixth year of his expe- 
dition, he retired permanently to Mexico City 
to undertake the final compilation of his 
work, preparatory, so he thought, to its pub- 
lication. But there were several unavoidable 
difiSeulties. He encountered the hostility of 
other Spanish physicians in the provinces 
and, what was worse, Philip of Spain, who 
had sent him hither, had failed to give him 
the needed and promised financial support. 

, Eesourcefully, Dr. Hernandez went into pri- 
vate medical practice in Mexico to repair his 
financial bastions. He spent some months at 
the Indians’ Sospitial Real where, with the 
renowned Alonso Lopez de Hinojoso, he 
made a special study of a local disease, coco- 
Uxtl% inspecting many corpses to discover 
the origin of the disease and a remedy for it. 
There his patients had the privilege of re- 
ceiving treatments from the hand of a man 
#ho had once prescribed for the august per- 
son of a king. By these means, Hernandez 
e^i^ed enough tn carry on his work. 

' “ , 5tfp to time Ph^p 11 had done little 
€ 1 ^^ he had had other worries. 

w^e loose on the Span- 



ish Main, in Peru the Incas were in revolt, 
and a costly campaign by his Armada was 
planned against the island-kingdom of Queen 
Elizabeth. However, so impressed was 
Philip by reports of this stupendous and 
heroic work of Francisco Hernandez that he 
squeezed 60,000 ducats out of the Spanish 
treasury for its completion. That sum, unfor- 
tunately, was hardly enough. Interpreters, 
native collectors, artists, wood-block crafts- 
men, and reams of fine imported linen paper 
for these sixteen folio volumes ran high. 

With the aid of his son, who had accom- 
panied him, he completed, in September, 
1577, the sixteen folio volumes which were 
to form his great work. The thesaurus, 
which had first been written in Latin, had 
been put into Spanish, and from the Spanish 
into the dominant Indian tongue — ^Nahuatl. 

Immediately after the work was done, he 
left for Spain. Aboard ship he busied him- 
self in compiling a budget of costs for the 
proposed publication. He even arranged 
guides for the illustrations, which he had 
planned to have executed in color. Only a 
few colored notes of these are extant; but 
from them one can grasp the excellence and 
the completeness o£ this first great work on 
American natural history. 

Arriving in Madrid, he was treated to his 
first disillusionment! The great work with 
all its woodcuts, its ethnobotany, its map of 
New Spain, its wealth of medicinal informa- 
tion was not printed, but instead the folio 
volumes were exquisitely bound in tooled 
leather and then were buried in the stacks 
of the library of the Escorial. This perfidy 
was a horrible, bitter blow to Hernandez. 
He had no reason to appreciate the ‘‘honor” 
given his manuscripts by interring them in 
a hallowed place in the Escorial even though, 
as one contemporary remarks, the manu- 
scripts were “superbly hound in blue 
morocco, tooled in gold and with locks, 
clasps and corners — all of high wrought 
silver.” Hernandez never recovered from 
what he regarded as an act of extreme 
analphabetism. He was now past sixty. 
His health, already seriously undermined by 
the privations occasioned by his explorations, 
was failing, and his earthly dreams were 
shattered. He had set out to do that which 
his predecessor, Oviedo, had failed to do — ^to 
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give a scientist's view of the New “World. 
He had done his work, but the publication 
of it was suppressed. Hernandez had no 
heart to go on. Worn out by the penalties 
involved in his researches, he died a year 
after his return from Mexico. 

Then, some years after his death, as if the 
gods had planned a sardonic jest, the atten- 
tion of Philip II was again called to the work 
of Hernandez. Having decided to print it, 
the King called in Nardo Antonio Reecho 
and set him to editing the work. Under his 
commission Reecho was to extract’’ the 
most useful and important parts of the manu- 
script. Reecho interpreted his instructions 
as referring chiefly to those parts that dealt 
with medical information. Thus was lost the 
completeness of the Hernandez text. Yet, 
had not Reecho undertaken the work and 
carried back to Naples much of the material 
for the publication, we should have been in- 
finitely the poorer, since the original sixteen 
folios of Hernandez (along with many an- 
other classical report on America) were 
destroyed in the conflagration that consumed 
the Escorial in 1671. 

After having abridged Herndndez’ work 
and prepared it for the printer, Reecho died. 
The work was willed to Reecho’s nephew who 
brought it to the attention of a great patron 
of letters. Prince Prederieo Cesi, Duke of 
Agua Sparta, a patron of science and foun- 


der-president of the Lyeeum-Museum of 
Natural History. The Prince acquired it at 
no little expense to himself. Being a man 
of keen perception and enthusiasm, he com- 
missioned artists to obtain from the archives 
additional illustrations from the Hernandez 
manuscript. The Prince himself assumed 
the task of executive editor. 

It was not until 1612 that parts of the 
thesaurus were distributed among specialists 
for new editing, arranging, and annotating. 
Prince Prederieo wrote a remarkable epi- 
logue for the proposed edition — an essay 
entitled ^^Theatri Naturalis Phytosophicae 
Talulae/^ This vague, rambling exposition 
takes up a large part of the printed work. 
By 1628 the manuscript was ready for the 
press. Doubtless Prince Prederieo intended 
to defray the costs of publication, but again 
death intervened. The Prince left to the 
Lyceum, as a sacred legacy, the printing of 
the Hernandez’ work, but, unfortunately, he 
left no money to accomplish it. Ultimately 
one of the members, Francesco Stelluti, 
sought out the Spanish Ambassador to Rome, 
don Alfonso Turiano, and from him obtained 
the money to publish the manscript. 

Thus, in the year 1651, what was left of 
the great thesaurus of Francisco Hernandez, 
the first American naturalist, was finally 
printed in Rome in one monstrous volume of 
nine hundred and fifty pages. 



PRECIPITATION REGIONS IN THE UNITED STATES 

By STEPHEN S. VISHER 


‘ Great differences within the United States 
in precipitation, both average annual and 
seasonal, have encouraged the recognition of 
precipitation regions. The commonly recog- 
nized regions are the humid, subhumid, semi- 
arid, and arid. Areas with an average an- 
nual precipitation in excess of 30 inches are 
called humid, those which normally receive 
less than about 10 inches are called arid, 
areas with averages of 10 to 20 inches are 
frequently classed as semiarid, while those 
receiving from 20 to 30 inches are sometimes 
called subhumid. 

The first two of the accompanying maps 
show the regions recently recognized by offi- 
cials of the United States Department of 
Agriculture. Map 1 is assembled from the 
locational maps for the chapters in which 
each of these regions is discussed in the 1941 
Yearbook of the Department of Agriculture, 
Climate and Man» Map 2 is a simplified 
shaded copy of the average annual precipi- 
tation-effectiveness map of the Atlas of Cli- 


matic Types 1900-1939,’’ prepared under 
the direction of C. Warren Thornthwaite. 

Maps 1 and 2 reveal interesting differ- 
ences. In Map 2 parts of Florida and Illinois 
are classed as subhumid rather than humid, 
but much less of the West is classed as arid 
than in Map 1. Moreover, Map 1 does not 
subdivide the Pacific Coast region as does 
Map 2. Finally, Map 2 recognizes that parts 
of the humid region are superhumid. 

Factors responsible for differences in pre- 
cipitation in the major regions shown by 
these maps are: (1) the position of the 
United States with respect to the great wind 
belts; (2) its topography, especially the 
western mountains and the Mississippi 
Basin; (3) the presence of many cyclonic 
disturbances. Significant also is (4) the 
fact that the United States is part of a large 
continent which heats up notably in summer 
but becomes relatively cold in winter. The 
prevailing westerly winds carry much mois- 
ture from the Pacific Ocean onto the western 
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coast, but because of the lofty western moun- 
tains, little or none of it reaches the central 
part of the country. The section east of the 
Rockies obtains most of its moisture from the 
Gulf of Mexico, drawn northward by winds 
blowing into cyclonic disturbances. The 
center of a disturbance moves rather rapidly 
eastward across the country. Because the 
wind moves in counterclockwise direction, 
the moisture that it carries moves into the 
country on the eastern arc of its center of 
rotation. Since precipitation of moisture 
from these winds declines with distance from 
the Gulf, it follows that average precipita- 
tion increases eastward from the Rockies. 

The cyclonic disturbances which aflEect the 
United States are of two chief sorts : the so- 
called mid-latitude Lows and Highs, and the 
tropical cyclones. The Lows cross the coun- 
try from west to east, more of them traveling 
across the northern half than across the 
southern half. Tropical cyclones enter from 
the south, or pass northward near the eastern 
coast, many of them bringing large amounts 
of rain. Some move slowly in parts of their 
course; a few of them have such violent 
winds as to be called hurricanes. Nearly all 
that enter the country soon lose most of their 
moisture, thus helping to explain the north- 


ward decline in average precipitation in the 
central and eastern part of the country. A 
more important cause of this northward de- 
cline is temperature drop from sea to land, 
as in winter, condensing wind-borne moisture 
before it is carried far over the land. 

As to seasonal distribution, five precipita- 
tion regions are here recognized (Map 3) : 
(1) a large region extending from Maine to 
Texas, which normally receives approxi- 
mately equal average amounts of precipita- 
tion in all months (2 to 4 inches) ; (2) a 
southeastern region, where the monthly totals 
range from 2 to 8 inches — ^thus some months 
are much wetter than others, but none is nor- 
mally dry; (3) the Pacific Coast region, 
where the summers are almost rainless and 
the winters are wet; (4) a large central 
region, especially the northern and central 
Great Plains and Prairie region, where the 
winters are relatively dry and the spring and 
summers normally are moderately rainy ; and 
(5) a large western region, often called the 
arid region, where the precipitation is gen- 
erally small and is always highly erratic, 
sometimes occurring chiefly during the cooler 
months, sometimes during the warmer ones, 
and sometimes in neither. 

The approximate boundaries of these five 
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regions are shown in Map 3, which is original, 
although based partly on data assembled by 
Kineer in the precipitation section of the 
Ailas of American Agriculture. As indi- 
cated in Map 3, subdivisions of some of the 
regions are recognizable. In the 2- to 4-ineh 
region, for example, New England and New 
York receive the most uniform precipitation, 
normally from 3 to 4 inches each month. 
Near the western margin of the same region, 
May and June are the rainiest months and 
winter is driest, whereas in an area centering 
in Tennessee, spring is wettest and autumn 
is relatively dry. The arid region also has 
an interesting subregion near the Mexican 


interior is relatively cold in winter, when 
winds do not often bring moisture deep 
into the interior. In summer, on the other 
hand, the interior is relatively warm, and 
moisture-bearing winds reach the interior 
much more frequently. On the average, 
moreover, the Lows cross the continent in 
higher latitudes in summer than in winter. 
The precipitation uniformity of the North- 
east results from its numerous cyclonic 
storms and its location between nearby large 
water surfaces, the Atlantic and the Great 
Lakes. As many Lows move across the Lakes 
and along the St. Lawrence Valley through- 
out the year, moisture-condensing Lows are 



border where rainfall is least rare in July 
and August. These occasional summer rains 
in the Southwest help to explain the presence 
of the cliff dwellers, who depended largely 
on com. In most of the arid region, corn was 
little grown by the Indians, partly because 
there was little midsummer rain. In the 
lai^e southeastern coastal region the wettest 
months differ locally, but on the average 
oome 'M late summer or autumn. 

. , r^e m^es of the re^onal differences in 
dfetribution of precipitation are 
of seip>nal 'contrasts in eonti- 
.The contmenM 


sufficiently frequent and intense even during 
the winter to prevent dryness in New En- 
gland. The Great Lakes help to intensify the 
Lows, as well as yield winter moisture. The 
southeastern part of the United States has 
fewer ordinary Lows, but has more tropical 
cyclones which are most common in late 
summer and antumn; then they often yield 
rains heavy enough to pull the average 
monthly totals far above those generally at- 
tained in New England. The Pacific Coast 
is dry because the cool sea breezes, warmed 
by the land, retain their moistnre. 

Three other sorts of regionalization on the 
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MAP 4. PERCENT OP WARM-SEASON RAIN PALLING AT NIGHT 


basis of precipitation have been attempted and (3) the intensity or torrential character 
for the United States : (1) the percentage of of the rainfall. The regional contrasts in 
the precipitation falling at night ; (2) the these respects are presented in Maps 4-7. 
dependability or reliability of precipitation ; Map 4 shows the percentage of rain falling 
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during twelve hours including the night (8 
p.M. to 8 A.M. B.S.T.) from April to Septem- 
ber inclusive. It is redrawn and shaded 
from a map by Kincer in the Atlas of Amer- 
ican Agriculture. It shows that a much 
larger proportion of the warm season rain- 
fall comes at night in the center of the coun- 
try than in Florida. The percentage is 
higher in Arizona than in Idaho, reflecting 
greater evaporation, while falling, of day- 
time showers in Arizona. 

Map 5 is redrawn from one by Isaiah Bow- 
man in the 1935 Keport of the Science Ad- 
visory Board (line a-- a indicates the east- 
ern limit of "^Occasional Desert Years’’)- 


This map shows five great regions. Perhaps 
its most interesting feature is the classifica- 
tion of the Northwest as transitional, al- 
though, unlike the transitional Great Plains, 
it is the region of greatest annual average 
rainfall. 

Map 6 is a redrawing (simplified and 
diaded) of a map of the annual deviation 
from the mean annual precipitation in the 
1936 Report of the Water Resources Section 
of the National Resources Board. This map 
^ows considerable regional contrast in the 
Mast, the North having least variation, but 


Florida having as much variation as North 
Dakota. 

Map 7 is an original one based on scores 
of maps in D. L. YarnelPs ""Rainfall In- 
tensity-Frequency Data,” U. S. Department 
of Agriculture, 1935, and on more than a 
dozen maps made by combining part of his 
maps, to discover the frequency (times per 
decade or century) of rains of various mag- 
nitudes. Also used were original maps of 
very heavy rainfalls which were published 
in the Geographical Review and in the 
Monthly Weather Review. The definitions 
of ""very hard rains” and of ""numerous” 
and ‘"rare” are as follows: Very hard rains 


are those which yield 2 inches of water within 
30 minutes, or 3 inches in an hour, or 4 inches 
in 8 hours, or 5 inches in 16 hours, or 6 inches 
or more in 24 hours. Numerous means that 
there were 5 or more very hard rains per 
year. Rare means that there was only one 
rain of any of these 5 magnitudes during an 
average decade or longer. In parts of the 
North and West, no such rain was officially 
recorded at the many Weather Bureau sta- 
tions in the thirty years studied. This map 
shows marked changes with latitude in the 
East, but none in the West. 
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MAP 7. PREQUENCT OP VERT HARD RAINS 


Map 8 is a sort of summary or composite and to the frequency of torrential rains of 
of the foregoing maps and several others. In various magnitudes. Consequently, the 
its preparation special attention was given northern and southern parts of the country 
to the amount of rain falling in short periods are separated, instead of being combined as 
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in Map 1. The latitudinal contrasts in the 
Bast are so great, according to Map 7, and 
to a lesser extent, Maps 3, 4 and 6, that the 
East is subdivided into 4 regions in Map 8. 
Data on which Map 8 is based, or their 
sources, are given in a long article in the 
Annals of the Association of American Geog- 
raphers, These data refer to the central or 
core areas of each of the regions. 

The twelve regions here delimited are not 
equally distinct. For some purposes two or 
more may appropriately be combined; for 
example, the East might be considered as one 


great region with two major subdivisions, 
the North and the South, each of which has 
two lesser subdivisions. Likewise the Pacific 
Coast may be classed as a region with two 
subdivisions rather than as two regions. The 
boundaries between the regions suggested in 
the final map are provisional, in some places 
arbitrary. Future studies, based on more 
adequate data, will permit a better drawing 
of the boundaries. But from the evidence 
at hand, it appears that the United States 
has distinctly more than the few precipita- 
tion regions hitherto recognized. 


THE SHOWER* 

The landscape, like the awed face of a child, 

Grew curiously blurred; a hush of death 

Fell on the fields, and in the darkened wild 
The zephyr held its breath. 

No wavering glamour-work of light and shade 
Dappled the shivering surface of the brook; 

The frightened ripples in their ambuscade 
Of willows thrilled and shook. 

The sullen day grew darker, and anon 
Dim flashes of pent anger lit the sky; 

With rumbling wheels of wrath came rolling on 
The storm^s artillery* 

The cloud above put on its blackest frown. 

And then, as with a vengeful cry of pain, 

The lightning snatched it, ripped and flung it down 
In ravelled shreds of rain: 

While I, transfigured by some wondrous art, 

Bowed with the thirsty lilies to the sod. 

My empty soul brimmed over, and my heart 
Drenched with the love of God* 

— James Whitcomb Riley 

* From Songs of Summer, eopyriglit 1908, reprmted by permission of The Bobbs-Merrill Company. 
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THINNING FRUIT TREES BY REMOV- 
ING THE BLOSSOMS 

The cost of farm labor has nearly trebled 
since 1914, whereas the price of farm com- 
modities has only doubled. In other words, 
efficient use of labor is more than ever impor- 
tant on the farm. Further, there is a short- 
age of labor, so that the farmer must either 
omit certain operations or perform them in 
some way that will save labor. 

One of the time-consuming tasks that face 
fruit growers is the thinning and removal of 
fruit from overburdened trees in early sum- 
mer so as to lighten the load and favor better 
size and color of the fruits that are permitted 
to remain. The task is usually performed by 
women and children, at relatively low wages. 
It is a time-consuming chore, the sort of 
thing that nobody cares especially to do, yet 
one that is likely to prove very important not 
only to the fruit but to the tree as well. For, 
trees which are overloaded with fruit are sub- 
ject to limb breakage, winter injury, and 
biennial bearing — that nemesis of the fruit 
grower which results in a crop one year and 
none the next. Thus there are important im- 
plications in the possibility of ‘‘ thinning an 
apple tree by spraying the tree at blossom 
time with materials that will remove blossoms 
and yet leave the proper number for a crop. 

But to go back a little way, the crop of fruit 
for 1944 was determined by the number of 
blossom buds formed during late spring and 
early summer of 1943, and this number w'as 
determined in turn by the nutritional con- 
dition of the trees. Mature trees which 
either did not blossom or which blossomed 
lightly in 1943 were likely to have formed 
an abundance of blossom buds for the crop of 
1944 ; a good supply of available nitrogen is 
favorable to fruit bud formation under these 
conditions. This was the situation in many 
apple orchards during 1943, which was a year 
of light crops. 

And now the season of 1944 approaches 
with the prospect for a heavy load of fruit, to 
be aggravated by a goodly supply of avail- 
able nitrogen, since nitrogen tends to cause 
blossoms to ^^set'^ even at the expense of 
fruit-bud formation for the next year. Here, 


then, is a situation that calls for attention. 
Fortunately, there are suggestions from 
science which may help. 

First of all it has been observed that the 
removal of blossoms may fulfill a threefold 
function. It thins’' the crop by removing 
potential fruits ; it removes potential fruits at 
a very early stage, with much less wastage of 
plant materials than that caused by thinning 
half grown fruits ; and by preventing an over- 
load of fruit it releases sufficient available 
nitrogen to provide for fruit-bud formation 
for the next season’s crop. 

If all the blossoms are removed from a 
heavily blossoming tree, an abundance of 
blossom buds will be formed and the tree will 
blossom again the following year, A spring 
frost which destroys all the blossoms does this 
very thing. And, in this connection, it is in- 
teresting to recall that over a century ago an 
inquisitive horticulturist, Robert Manning of 
Salem, Massachusetts, laboriously picked all 
the blossoms from heavily blossoming Bald- 
win apple trees that bore fruit every other 
year, while leaving some trees untouched, and 
so brought about a condition in which some 
trees bore fruit one year and others the next. 

Because of these benefits from blossom thin- 
ning, much attention has been attracted to it. 
Carefully conducted experiments in thinning 
blossoms of peach trees have shown increased 
size and color of fruit with no reduction in 
yield, increased size of leaf, increased ter- 
minal growth, generally increased vigor of 
tree, and more nearly annual bearing. Com- 
mercial peach growers, quick to adapt such 
findings, have already devised ‘‘rakes” or 
“brushes” for carefully raking or brushing 
excess blossoms from peach trees at the time 
of full bloom, with a great saving in labor. 

Apple trees do not lend themselves so read- 
ily to brushing, in part because of the larger 
size of the trees and in part because apple 
blossoms commonly occur in clusters of six, 
in which the central flower opens a day or two 
(depending upon the weather) earlier than 
the surrounding or lateral blossoms. Fur- 
ther, it is when apples “set” in clusters that 
they become most difficult for the orchardist 
to handle. On the other hand, this arrange- 
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ment of the blossoms may enable the apple 
grower to destroy the lateral blossoms, as 
they open, after the central blossom has set. 

This plan was tried, perhaps a dozen years 
ago, using such sprays as sodium polysul- 
phide, cresylic acid, and tar oil distillates. 
When it was desired to shift the bearing 
years of alternate-bearing trees, these sprays 
proved very effective by removing all the 
blossoms. But when partial removal of blos- 
soms to a desired degree was attempted, vari- 
able results were reported and in some 
instances severe injury was done to both 
blossoms and foilage, owing, in large part, to 
the uncertain and variable composition of the 
materials employed. 

The new ‘‘dinitro’’ compounds developed 
for pest control (especially the material 
known as Elgetol, the sodium salt of a dinitro- 
cresol) are of more definite composition than 
the materials mentioned above and can be 
better relied upon for blossom thinning. 
When certain ‘Minitro” sprays were applied 
experimentally just after the central blossom 
in the cluster had set, some results were very 
promising. Other tests have been less satis- 
factory, because the degree of thinning was 
unpredictable. Eesults to date do indicate, 
however, that these materials can used ef- 
fectively on the Wealthy and Yellow Trans- 
parent varieties. Additional recommenda- 
tions probably will be made as information is 
gathered from more extensive trials, 

H. B. Tukey 

HIGH VACUUM IN INDUSTRY 

Ever since 1643 when Galileo ^s assistant, 
Torricelli, discovered the possibility of pro- 
ducing a vacuum above the top of a mercury 
column by filling with mercury a tube closed 
at one end and over 30 inches long and then 
inverting it into a pan of mercury, men have 
been experimenting with high vacuum. Not 
until recently, however, have they been able 
to take it out of the laboratory and put it to 
work on a large scale in industry, where the 
reduction in the number of air molecules in a 
given space makes possible manufacturing 
processes that are unheard of at atmospheric 
pressure. The effect is something like taking 
a f^tory and moving it into the ionosphere, 
^verai mit^ out from the earth. 

Under such conditions the boiling point of 


a large new class of compounds, such as oils, 
fats, and waxes, is reduced to a point where 
they can be distilled without decomposing. 
Many foods and drugs can be dehydrated 
wdthout impairing their quality, and various 
metals produced directly under high vacuum. 

Ordinary air pressure at sea level will 
support a column of mercury 760 millimeters 
high. In manufacturing operations now 
made possible by advanced vacuum tech- 
niques the air pressure is brought down to 
the range of .001 millimeters, or 1 micron. 

To date micron pressures have been ap- 
plied on a large industrial scale to the pro- 
duction of war-important magnesium from 
dolomitic limestone. The War Production 
Board has called this one of the most impor- 
tant technical achievements to come out of 
the war. 

In addition to this, a High Vacuum Dif- 
fusion Process for pumping water vapor un- 
der high vacuum has been perfected and ap- 
plied to drying penicillin. Since it mate- 
rially reduces the time and cost of dehy- 
dration, according to the WPB, most of the 
larger manufacturers of that drug have 
adopted it to speed their output. 

Previous to the magnesium and penicillin 
developments, vacuum has been used in vari- 
ous manfacturing processes — ^in the produc- 
tion of vitamins and the refining of certain 
chemicals and oils, for example. In the first 
instance, however, the application has not 
been on the large scale attained in the mag- 
nesium operation, where entire plants with 
thousands of feet of pipes, valves, retorts, and 
condensers can be placed under air pressures 
100,000 times less than normal. In the sec- 
ond, it has been carried out at pressures in 
the 5 millimeter range rather than at the .001 
millimeter range now attained. 

Application of high vacuum to the produc- 
tion of magnesium was advanced when the 
Defense Plant Corporation awarded a con- 
tract to the National Research Corporation in 
Boston — ^which had long been doing develop- 
ment work in the high vacuum field — ^to build 
a small pilot plant for this purpose. Work 
proceeded so rapidly that four and a half 
weeks later this was in operation, producing 
a sample run of magnesium of high quality. 

In making magnesium under high vacuum, 
bricks of crushed dolomite and ferro-silicon 
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are placed in a ehrome-nickel-steel retort, one 
end of which projects into a furnace, where it 
is heated to 1100 degrees Centigrade. The 
other end, extending out from the furnace, is 
cooled by a water jacket. The magnesium is 
vaporized in the heated end and condensed 
in the water-cooled end, where it collects in 
crystalline form, the entire operation taking 
about eight hours. 

High vacuum is essential to the process 
because it speeds reduction of the mag- 
nesium-bearing ore and evaporation of the 
magnesium molecules. In addition, the retort 
must be free of air because magnesium com- 
bines readily with oxygen. 

Vacuum equipment designed for this in- 
stallation was adapted to other large plants. 
Today several of the country’s large mag- 
nesium producers are making the metal by 
this process, using new-type industrial dif- 
fusion pumps, together with associated 
vacuum valves, gauges, and similar parts, 
capable of exhausting tremendous quantities 
of air and other gases in record time. These 
installations have pumping capacities of 
many thousands of cubic feet per minute in 
the micron range, and theoretically equip- 
ment can be built for any desired pumping 
capacity. 

Many difficult problems, however, had to 
be overcome before such a high vacuum could 
be maintained throughout a plant, making 
the entire system air-tight and keeping it that 
way. At 1 micron pressure gas expands at an 
enormous rate, occupying a space 760,000 
times greater than it does at normal at- 
mospheric pressure. In addition to exhaust- 
ing such huge volumes of air to create the 
vacuum, the gases that are given off during 
the manufacturing operation must also be 
continuously removed — a tremendous job in 
itself, since a piece of metal at atmospheric 
pressure contains occluded gas at least com- 
parable in volume to the metal itself and 
often several times this volume. 

Keeping the system air-tight presented an- 
other important problem that had to be 
solved before large scale operations of this 
type became possible. This is an extremely 
complicated undertaking, since each installa- 
tion of the equipment to date has created 
problems of its own which had to be solved 
individually. In short, a whole new tech- 


nology of Vacuum Engineering had to be 
evolved. 

Application of high vacuum to the drying 
of penicillin presented additional problems in 
vacuum engineering. In the past, freezing 
methods of dehydration at low pressure have 
been handicapped by the building up of 
heavy ice layers in compartments specially 
designed to collect the vapor as it is evolved. 
Difficulties have been experienced in attain- 
ing the required vacuum and keeping it 
throughout the operation, since enormous 
volumes of water vapor as well as air must be 
continuously removed. To overcome the 
problem of pumping this vapor under high 
vacuum. National Research Corporation de- 
veloped its High Vacuum Diffusion Process, 
in which vapor and air are both handled inde- 
pendently in the vacuum system with dif- 
ferent pumping methods. 

Now that high vacuum systems have passed 
the large-scale threshold, it is predicted that 
in time new applications of the technique wiH 
be made. Use of the High Vacuum Diffusion 
Process in the drug and food fields, for ex- 
ample, offers great promise, and it is likely 
that after the war many metals may be pro- 
duced simply and economically under high 
vacuum, as in the case of magnesium. 

Richard S. Morse 

ROACH CONTROL 

Those who have read the verses of Archie, 
the cockroach, who composed laboriously on 
the typewriter of his boss, Don Marquis, may 
have a kindly feeling toward these lowly 
creatures. However, most people regard 
cockroaches, usually called roaches or water- 
bugs, as unbidden and unwelcome guests. 
Archie, who complained bitterly about the 
persecution of his tribe by the human race, 
would, if he were writing today, have even 
more reason to view the future with alarm, 
for more effective and efficient ways have 
recently been developed to make his life 
miserable and insecure. 

Mention has already been made in ‘‘Sci- 
ence on the March” of the use of boric acid 
solutions in test tube drinking fountains for 
control of German roaches. Experimental 
work is going forward to find out how many, 
or rather how few, test tubes should be 
placed in an infested kitchen and where they 
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should be located, first to reduce the infesta- 
tion and then to prevent it from building 
up again. This method of roach control has 
not yet been tested by pest control operators, 
although it is more suitable for application 
by them than by laymen. 

Not every one who finds roaches in his 
kitchen can afford to call a pest control 
operator. Therefore it is desirable to have 
on the market a product for roach control 
that anyone can buy and use safely and suc- 
cessfully. Hitherto a householder could do 
no better than buy a package of sodium 
fluoride, a white powder, which by law in 
some States is colored a greenish blue to dis- 
tinguish it from flour and baking powder. 
The buyer then distributes this powder as 
best he can near places where roaches are 
believed to hide during the day. The results 
can be excellent, but the indiscriminate scat- 
tering of a poisonous powder in a kitchen 
where it may contaminate food and utensils 
should be discouraged. 

Eecently it was found that sodium fluoride 
can be molded in the form of crayons. With 
a crayon in hand anyone can mark on almost 
any surface a line of sodium fluoride — a 
deadline for roaches. Thus a deposit of 
sodium fluoride can easily be put exactly 
where it is needed — ^around window and door 
frames, baseboards, and sinks ; in closets and 
drawers, and under counters or tables. With 
reasonable care in drawing the lines nothing 
will be contaminated and when the lines are 
no longer needed they can be wiped away 
with a damp cloth. 

The armed forces are looking into the use 
of sodium fluoride crayons and if roaches 
carried malaria or typhus fever, these cray- 
ons would now be used throughout the world, 

, But Archie and his cousins, being relatively 
harmless, are partially reprieved for the 
duration. After the war, however, it is to be 
hoped that John Doe can go to the five-and- 
,ten and buy sodium fluoride crayons in 
daapes and colors that will distinguish them 
from chalk sticks. 

" Until the discovery of DDT (see the Feb- 
1944, ‘^Scdenee on the March^O > *which 
be potent for roach control, sodium 
was.pi^hahly the most effective sub- 
for _ and Imtivjg control 

cheaper than 


DDT, it will not be easily ousted for this 
purpose . A thin, dry, and powdery deposit 
of sodium fluoride clings to the feet of 
roaches that walk in it. Apparently it irri- 
tates them, for they remove the deposit by 
licking their feet. If enough sodium fluoride 
is thus swallowed, the rQaehes succumb; if 
not, they are driven away. Those roaches 
that pick up the dust on their bodies as well 
as on their feet are likely to die by contact 
action of the insecticide. In wet places 
where a sodium fluoride deposit becomes 
caked and hard, it is not picked up by the 
roaches and consequently is ineffective. 
Therefore sodium fluoride cannot be applied 
successfully by spraying it in solution or 
suspension in water. But water is not the 
only liquid that might be used as a carrier 
for this compound. 

Tests made in the laboratory and in prac- 
tice during the past three years have shown 
that sodium fluoride can be applied in sus- 
pension in a highly refined kerosene oil in 
which it is insoluble. With suitable equip- 
ment the suspension can he injected rapidly 
into cracks, crevices, and corners where 
roaches hide. When the oil has evaporated, 
the sodium fluoride is left as a dry, powdery 
deposit in just the right physical condition 
for maximum effectiveness. In this way 
premises can be practically roachproofed. 
Improvement of the dispersion and stability 
of the suspension and development of suit- 
able equipment for application remain to be 
done before the method can be widely used 
by pest control operators. 

The foregoing new methods have been 
proved effective for practical control of Ger- 
man roaches but have not yet been evaluated 
against the larger common species : the ori- 
ental roach and the American roach. It may 
be found that these species can be controlled 
better by the use of poisoned baits, particu- 
larly by baits containing well-dispersed yel- 
low phosphorus. Roaches are wary of most 
poisoned baits but the big fellows seem actu- 
ally to be attracted by phosphorus, which is 
extraordinarily toxic to them. Much re- 
search remains to be done on attraetants for 
roaches. Should a “roaehnip’^ be found, 
Archie and his relatives might as well give 
up altogether. 


F. L. 0. 
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WILDLIFE REFUGES 

Wildhfe Eefuges, Ira N. Gabrielson. Illus- 
trated. 257 pp. 1943. $4.00. Macmillan. 

This book was originally planned to tell 
the story of the national wildlife refuge sys- 
tem administered by the United States Fish 
and Wildlife Service. However, as the work 
progressed it became increasingly evident 
that the history and philosophy of all types 
of refuges were so completely intermingled 
that all should be included and treated as a 
unit. The plan therefore was revised accord- 
ingly, and, while the book is still largely the 
story of our own national refuges, enough of 
the history and the status of all other types 
of refuges in North America has been in- 
cluded to give a rounded-out picture of 
conditions as they now are. While the 
greatly enlarged scope of the work obviously 
has required omission of interesting phases 
of the conservation story, yet, within space 
limitations, sufficient material has been in- 
cluded to give a fairly complete account of 
the work. Much of the information on the 
National refuges has been taken from the 
files of the United States Fish and Wildlife 
Service, but the book has been written 
against a background of personal observation 
on the part of the author, in which every 
major national refuge, except one, has been 
visited at least once, including most of those 
in Alaska, and a portion of both Canadian 
and Mexican parks. 

An excellent idea of the general scope of 
the work may be gained by consideration of 
its major subject headings. These include 
such themes as : History of the refuge move- 
ment; Purposes, values and limitations of 
refuges; Types of refuges; Management of 
refuges; Alaska’s great bird cities; Special 
refuges; The fur-seal islands; Big game 
refuges; General wildlife refuges; Mysteri- 
ous Okef enokee ; Patuxent Wildlife Eesearch 
Refuge ; Migratory waterfowl refuges ; Refu- 
ges on land used primarily for other pur- 
poses; Eefuges administered by other Fed- 
eral agencies ; State refuges ; Private refuges, 
and Canadian and Mexican refuges. 

Even during the period of wildest exploi- 


tation of our natural resources, there were 
still a few people who realized the folly of 
such prodigal waste, but, for a long time, 
their protests were little heeded by the hur- 
rying hordes bent on conquering and con- 
suming a continent in record time. However, 
these protests grew in number and in volume 
through the years and presently developed 
into the conservation movement that began 
its sweep soon after the turn of the last cen- 
tury. The story of this halting of greed and 
exploitation in time to save remnants that 
can be and are being built back into usable 
resources is still too recent to be completely 
unfolded, but it is an achievement that makes 
an inspiring tale and it should be repeated 
over and over again. Dr. Gabrielson ’s book 
presents one of the important chapters in 
American conservation history — ^the story of 
the growth of the great American National 
wildlife refuge system, now a major factor 
in the restoration of our wildlife resources. 

J. S. Wade 

EDWARD TYSON 

Edward Tyson, MD., 1€ 6 0-^17 08, and the 

Eise of Human and Comparative Anatomy in Eng- 
land, M. R. Ashley Montagu. 56 lUustrations. 
xxix + 488 pp. Sept., 1943. $5.00. The American 
Philosophical Society. 

As an anatomist and a physical anthro- 
pologist I was quite aware that Edward 
Tyson had contributed to both fields. Prof. 
Montagu shows in this volume that Tyson 
was not only a contributor — ^he was an orig- 
inator, a founder, a pathfinder. More than 
that, he influenced not alone biological 
science but literature and human culture as 
well. Truly, he was of and for the period 
in which he lived. The research and the 
biographical skill of Prof. Montagu brings 
to life the man, Tyson, and recreates the 
seventeenth century scientific and social 
worlds in which he lived. 

In 1699 Tyson published Orang-Outang, 
sive Homo Sylvestris: or, the Anatomy of a 
Pygmie Compared with that of a Monkey, 
an Ape, and a Man, In this volume Tyson 
states his aim ^^to make a Comparative Sur- 
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vey of . . . the formation and structure of 
all the Parts of this wonderful Animal . . . 
with the same Parts in a Humane Body.” 
This concept of a comparative study was an 
extension of his 1680 study of Phocaena, or 
the Anatomy of a Porpoise which Prof. 
Montagu says was the “first monographic 
study of an animal to be issued in England 
as an independent publication, outside the 
pages of a periodical.” Tyson’s Orang was 
a chimpanzee, and a young one at that. 
When he compared it to an adult human he 
made mistakes due to age-change differences. 
But this in no way detracts from the signifi- 
cance of his contribution of the comparative 
approach. Tyson’s biographer goes so far as 
to say “no work published before or since 
has been so essentially a comparative anat- 
omy as the Orang-Outang, sive Sylvestris.” 

Tyson was not alone a research compara- 
tive anatomist, he was a physician also. He 
described in 1677-78 a case of suppurative 
cholangitis which “represents, in England 
at any rate, the first demonstration of the 
association between certain symptoms in the 
living and a particular pathological condi- 
tion in the individual who had died exhibit- 
ing them.” In 1638 he gave a thorough 
account of the life-cycle of the tapeworm 
and the roundworm. 

In the field of physical anthropology 
Tyson provided material for the concept of 
Primate and human evolution, and for the 
classification of Mankind. It is no over- 
statement to say that he prepared the way 
for Blumenbach, often termed the father of 
physical anthropology. In addition, we may 
claim for Tyson an “honored place in the 
history of the scientific study of folMore.” 
Finally, to him goes credit for pointing out 
“for the first time in the history of human 
culture, that an ape-like creature . . . was 
the closest living animal relation of man.” 

Prof. Montagu terms this biography a 
“labor of love”; to which the reviewer adds 
tMt most oertaMy love’s labor has not been 
losL It is clearly, vigorously written; it is 
cstSPesWly documented; it is copiously illus- 
Tyson, and his epoch parade across 
of Time, spotlighted 1^ scholarly 
rese^ffich. ' In a Foreword to the 
€iwrge Sartop states that he 
mo^ o£ Blaes, a B^gian, 




whose Zootomia or Anatome (1676, 1681) 
was the first general treatise on comparative 
anatomy. Prof. Sarton then says, “When 
will he be properly montagued?” The 
coined word is his, not mine — ^but Tyson has 
been most ably montagued! A good job, 
well done. 

Wilton Marion Krogman 

THE DEAF IN AMERICA 

Deafness and the Deaf in the United States. 
Harry Best. xix + 675 pp. Dee., 1943. $6.50. Mac- 
millan. 

Dr. Best’s book has been awaited with 
interest for several years, it being known that 
the author of a treatise. The Deaf, published 
in 1914, had accumulated a wealth of addi- 
tional material on a subject little known to 
the general public. The enthusiasm with 
which his first book was received served as 
an impetus for continuing the study of all 
phases of the deaf, and, from the wealth of 
material assembled, to bring together within 
the covers of a single book a reference work 
that probably has never been surpassed for 
intensive study and careful compilation. 
The exhaustive citations and references are 
essential in a work such as that produced by 
Dr. Best. Frequently publications have ap- 
peared in the past written by individuals 
whose work, while valuable, has reflected the 
personal views and prejudices of the author. 
It is in order to dispel such tendency and to 
deal equitably with a subject, concerning 
which there is a high degree of controversy, 
that the author has laid special stress on de- 
noting the sources from which information 
has been gleaned. This detail makes the text 
doubly valuable in that it opens up a wide 
field for further study and investigation on 
the part of those particularly interested in 
some special field of so broad a subject. 

Invariably the mind of the uninitiated 
turns to the charity angle when considering 
various phases of the handicapped groups. 
Because of his wide experience in the educa- 
tion of the deaf — ^the author having spent 
ten years as instructor at schools for the 
deaf in Nebraska, Washington, Alabama, and 
New York — he was in a position to discard 
the charity angle and to build upon the foun- 
dation laid down by the deaf themselves who 
declare that their greatest handicap m not 
deaf ne^ but rather the ' difficulty of con- 
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vincing a hearing world of the capabilities 
of the deaf. At no time have the deaf more 
clearly demonstrated the truth of this con- 
tention than at the present time, when 
shoulder to shoulder with their hearing 
brothers and sisters they are found satisfac- 
torily employed in practically every field of 
endeavor save where hearing is an absolute 
essential. 

Some of the leading industrialists have 
long espoused the cause of the deaf and have 
proven their premise by employing deaf men 
and women in various types of work where 
the greatest skill has been required to per- 
form the intricate assignments entrusted to 
them. 

Some of the chapter headings illustrate 
the breadth and scope of Dr. Best’s work. 
As most of the references made to the deaf 
in earlier times were centered around such 
educational effort as was given to certain 
individuals, the chapters entitled Educa- 
tion of Deaf Prior to Introduction into the 
United States” and History of Education 
of the Deaf in the United States” furnish a 
valuable background from the historical 
standpoint. 

The legal status of the deaf throughout the 
years has received a justifiable measure of 
attention. A chapter entitled “Legal Treat- 
ment of the Deaf” refers to legislative en- 
actments in the various states and by the 
United States Government. The medical 
man will find much of value in such chapters 
as “Causes of Deafness” and “Physical and 
Mental Condition of the Deaf.” Obviously 
the medical field could not be dealt with 
technically but the exhaustive references 
prove most valuable. As a matter of fact, 
all phases pertaining to the well-rounded 
life and activity of any group of individuals 
is here treated. Topics on religious life, 
methods of communication, the deaf in in- 
dustry, adaptability in a world of hearing, 
all receive due consideration. 

It is a significant fact that the author has 
drawn most freely upon articles printed in 
magazines, state and national documents, 
and references to the deaf found in the gen- 
eral run of library shelf material. He has 
studiously avoided the exclusive use of edu- 
cational literature which has so frequently 
characterized work on the deaf in America. 


Perhaps it is in the field of education of the 
deaf child that the greatest storm of contro- 
versy has raged and here the author has dealt 
impartially with the various contending 
factors. The various types of schools and 
the cost of such education have received 
abundant consideration. 

The work provides an indispensable source 
of information for students of psychology 
and sociology. Every teacher of the deaf 
will find within its pages information that 
will aid in classroom problems. Parents and 
friends of the deaf will gain a new concept 
as to the capabilities of the deaf and the gen- 
eral public will be informed as to society’s 
responsibility to this group. 

Most significant in a study of the deaf is 
the fact that misleading nomenclature, such 
as the use of the term “deaf and dumb,” or 
“deaf mute,” has created preconceived no- 
tions of physical and mental inferiority that 
are contrary to fact. On this subject the 
chapter entitled “Popular Conceptions Re- 
garding the Deaf” will prove illuminating. 

To recount the personal sacrifices made by 
the author, whose very life blood flows 
through the pages of the book, would make 
interesting reading. It is merely mentioned 
in passing as a fitting conclusion to the re- 
view of a book which has been the focal point 
of attention on the part of an indefatigable 
student over a period of thirty-five years. 

Ignatius Bjorlee 

ORIGINS OF AMERICAN SOCIOLOGY 

Origins of American Sociology: The Social Sci- 
ence Movement in the United States, L. L. Bernard 
and Jessie Bernard. 3iv + 866 pp. 1943. $6.50. 

Thomas Y. Crowell Co. 

This book is an account of the theory and 
personnel of social reconstruction in Amer- 
ica during the 19th century. Prom the 
eighteen-forties to the eighteen-nineties social 
science was directly tied to reform organiza- 
tions and activities. This union of science 
and the urge to human betterment eventu- 
ally split into two parts. One component 
was further specialized into the several social 
sciences which, in due course, were institu- 
tionalized as academic disciplines. The other 
aspect of the movement, the interest in larger 
reforms, was usefully trivialized into social 
work, associated charities, and other welfare 
activities. 
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Intellectually, the movement began as 
utopian speculation, became more concrete 
investigation and limited agitation for spe- 
cific reforms, and ended in the present-day 
social sciences with their historical and sta- 
tistical designs of scientific studies. The 
early ''associationist’’ movement, an Ameri- 
can derivative of Fourierism, declined in the 
forties and the general movement took a more 
systematic bearing from the writings of 
Comte and Spencer. For many years these 
writings were assimilated and sometimes 
transformed. Their selective reception into 
American reform thought is well presented 
by the Bernards. In the seventies, political 
economists gave the general movement an 
economic welfare slant. 

These economists, with other individuals 
interested in welfare activities and thought, 
founded the American Social Science Asso- 
ciation in 1865. This association directly or 
indirectly gave rise to conferences on child 
welfare, prison and social work, as well as 
the several professional associations of the 
contemporary social sciences. In one of 
these special sciences, sociology, the welfare 
urge of the 19th century movement was con- 
tinued. 

The ‘^origins” treated in this book, how- 
ever, are relevant to contemporary sociology 
in only a limited manner. Courses in juve- 
nile delinquency, crime, and social problems 
have persisted and remain quite central, but 
in the twentieth century the intellectual fer- 
ment in sociology has been in the fields of 
social psychology and social theory. These 
have been fertilized, and in some cases been 
given new orientation, by European, espe- 
cially German, social thought. Nevertheless, 
the materials so skillfully treated here are 
undoubtedly among the major antecedents 
of contemporary sociology. 

The account of how the general movement 
crept into respectable college and university 
courses is probably the most useful section 
of the book. A great deal of primary re- 
search was involved in obtaining precise 
hiformation on the introduction of social 
science courses in large universities and 
smaller colleges. Historians of ideas and of 
educational institutions will be grateful to 
to Bernards for gathering and presenting 
information. 


The key interest of the social science move- 
ment of the 19th century lies in its attempt 
to apply science to social problems without 
explicit political support or tactics. It tried 
to blend social theory with largely non- 
political practice. After 1900 this attempt 
had run its course; the larger welfare urge 
quite understandably became more political. 
Remnants of the welfare movement survived, 
in modified forms, in governmental bureaus 
and policies, and in welfare organizations. 
The larger urge has been specialized into 
respectably technical academic thinking, or 
has grown with the times into explicit politi- 
cal ideology. In the latter ease, it has come 
to be considered inappropriate for the aca- 
demic man, the governmental official, or the 
welfare enthusiast. 

C. Wright Mills 

MAN AND HIS HABITATION 

Man and Ei$ E agitation, Badhakamal Maker jee. 
XV + 320 pp. 1943. $3.50. Longmans, Green and 

Company. 

Pbopessor Badhakamal Mukerjee of the 
Department of Economies of the University 
of Lucknow, India, is one of our foremost 
socioeconomists, well known for his pioneer- 
ing studies in Indian economic and popula- 
tion problems. 

In this volume, which is a series of lectures 
delivered under the auspices of the Faculty 
of Science of the Lucknow University, Pro- 
fessor Mukerjee offers a systematized study 
of the materials and methods of Human 
Ecology as the basis of functional and quan- 
titative sociology. This is possibly the first 
scientific study where the various functions 
and forms of human habitation with special 
reference to India are discussed. In some 
eight brilliant chapters the patterns of hu- 
man habitation like the hamlet, village, small 
town, and city are described in relation to 
the density of population/ physical and social 
nobility, man’s spatial needs, and food 
supply. 

It is interesting to find that this study sug- 
gested itself to the writer, not in the crowded 
plains of the Ganges Valley where he lives, 
but during a brief sojourn in the Middle 
West and the prairie country of the United 
States. Consequently the author has fully 
utilized the American contribution to his 
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field, particularly tlie discussion of Profes- 
sors E. W. Burgess, Clifford E. Shaw, E. D. 
Mackenzie, and H. W. Odum. The result is 
Professor Mukerjee’s canvas in the United 
States, in fact the whole world, though his 
treatment of the planning of patterns of 
human habitation in India is the unique 
part. 

The scope and interest of this volume can- 
not be limited to any particular branch of 
study. As this embraces many fields it 
should be of considerable value to geograph- 
ers, sociologists, economic planners, and 
social engineers. 

Professor Mukerjee’s study is a welcome 
contribution to the meager literature on the 
application of ecology to the study of spatial 
distribution of population and habitation 
forms. Mukerjee’s scientific analysis of ag- 
gregation and concentration, mobility, spe- 
cialization, distance, spatial adjustment, 
transportation, food supply, and urbaniza- 
tion is a positive contribution to strengthen 
the movement toward making human ecology 
the basis of functional and quantitative 
sociology. 

S. Chandeasekhab 

NEW SCHOOLS FOR A NEW 
CULTURE 

New Schools for a New Culture, 0- M. Mac- 
Connell, E. O. Melby, and 0. 0. Arndt, xii + 229 
pp. Nov., 1943. $2.50. Harper & Brothers. 

The Superintendent of the Evanston, 111., 
Township High School (Francis Bacon) is 
one of those forward-looking school men who 
believes that experimentation by competent 
teachers working in a public high school may 
be advantageous to the pupils of that school 
and possibly may produce results useful to 
other schools. Thus his high school became 
the locus of an important experiment. This 
importance was enhanced because the 
school’s executive officer, Mr. MacConnell, 
and two members of the School of Education 
of Northwestern University (E. 0. Melby 
and C. 0. Arndt) wished to test their talk 
about education by actual trial of their ideas 
with sure-enough school situations. The fact 
that during the five-year experiment Mr. 
Melby became Chancellor of the University 
of Montana did not entirely divorce him 
from the project before completion of this 
volume. The reviewer interprets the volume 


as a report of progress. It is to be hoped 
there will follow a further volume a few 
years later when the progress of pupils in 
after-school years may be fully reported. 

As the title indicates, the volume is based 
upon the claims that schools are not now 

democratic,” and should become so; that 
the content of the course of study and ways 
of doing things in schools should reflect the 
kinds of life we should like to have people 
live; that each individual possesses ‘‘unique 
human worth” which must not be ignored; 
and that individuals and their groups should 
be guided “toward realistic appraisal of the 
world in which we find ourselves and toward 
appropriate activity in respect to it.” Those 
claims, the authors state, hold for ele- 
mentary, high school, and adult education. 
Indeed, much of the general discussion of 
the book is designed to apply to the whole 
program of education as well as to the par- 
ticular high school used in the experiments. 
If science ever faces its most important prob- 
lem it must apply its methods and ideals in 
the area of human relationships, as well as 
in the specific problems of biological, physi- 
cal, and astronomical sciences. “For science 
is experimental action.” 

Obviously, the attitude-training of a teach- 
ing staff came first, and unsympathetic or 
ununderstanding staff members were sup- 
planted by others. The most important part 
of retraining of teachers was accomplished 
by use of classes of pupils, thus teachers 
learned while they taught. That should al- 
ways be true. Then two major subject- 
matter reorganizations were made. One of 
these produced the “core program,” the 
other a general language course. Part of a 
pupil’s day was devoted to selected projects, 
part to regular subject recitations. For ex- 
ample, one pupil used one or more periods 
in reading books and magazines or in prepa- 
ration of a report on the history of automo- 
biles. During another period this pupil was 
in an algebra class taught by a teacher of 
mathematics. During another period he was 
a member of a letter writing class in which 
all pupils and the teacher wrote real letters 
which a class member took, to the post office. 
That he was caUed the “core postman” does 
not seem important. This sample pupil then 
reported for general language where vocabu- 



402 


THE SCIENTIFIC MONTHLY 


lary building was studied. Next came gyiu- 
nasium in which the pupil chose the type of 
game or exercise in which he would engage. 
Then the school day was over, with further 
free opportunity in library, on playing field, 
or a walk homeward. No two pupils need 
have identical daily programs, and pupils of 
different school years usually were found 
working together in the same class. All 
worked in groups of twenty-five to thirty in 
the ninety-minute period given to the ^^core 
program,” following which individuals could 
devote their time to such special interest 
courses as commercial studies, shop work, 
home making, or college preparatory sub- 
jects. 

The objectives, according to the author, 
were difiBeult to define because of the experi- 
mental nature of the New School. The fol- 
lowing major objectives were recognized: 
refiective and critical thinking; basic skills 
in learning and in expression ; social adjust- 
ment; subject mastery. The enlargement of 
these objectives, too extensive to include in a 
review, gives explicit meaning to them. The 
core program for one group or for one year 
changed from group to group and from year 
to year. No syllabus was prepared, but de- 
scriptions of the experiences of individual 
pupils furnished guides for subsequent 
school procedures. 

The ‘‘evaluation of student effort” in- 
cluded an estimate “by the group of a stu- 
dent’s single effort in core studies” ; personal 
estimates of “an individual student’s general 
effort and social effectiveness”; and reports 
prepared and sent home by the teaching 
staff. Beading the chapter on evaluation 
fails to give this reviewer a clear idea of 
desirable exactitude expected and secured in 
pupil achievement. 

The larger part of the book is devoted to 
the authors’ discussions of educational 
theory, of the need for types of education 
to prepare people for a “new culture,” of 
changing attitudes and motivations so that 
“education becomes functional for the indi- 
vidual and for society.” That is, “Action, 
controlled, co-ordinated and purposeful must 
be the final aim of all educational effort.” 


These discussions are unusually cogent and 
will be studied with sympathetic interest by 
that rapidly increasing part of society which 
really and anxiously believes that education 
needs to undergo fundamental changes if it 
is to become our hoped-for major agency for 
producing an intelligently competent, an 
unselfishly cooperative, and an enduringly 
purposeful society. 

Otis W. Caldwell 
THE CHEMIST 

So You Want to Be a Chemist? Herbert Coitb. 
x+ 128 pp. 1943. $1.50. McGraw-Hill. 

This little book is enthusiastically called 
to the attention of those whose sons or daugh- 
ters have expressed interest in chemistry or 
are already in technical schools of chemistry 
or chemical engineering. Dr. Coith gives the 
reader the facts of life of the industrial chem- 
ist. In a highly entertaining fashion he de- 
scribes the kinds of work that chemists do in 
industry, the type of man that chemical in- 
dustry wants, and other aspects of the sub- 
ject that would help a young person to de- 
cide whether he should or could become an 
industrial chemist. 

The reviewer was so fascinated by this 
book that he continued to read it on a rocking 
street car and on a vibrating, dimly lighted 
bus. If a similar book had been available to 
him when he was a senior in chemical engi- 
neering, in all probability he would now be 
working with Dr. Coith in the Proctor and 
Gamble Company, for, not knowing the facts 
of chemical life at that time, he appalled a 
personnel officer of P & G by an irrelevant 
job letter and was not hired. 

Dr. Coith ’s book has a flavor rarely at- 
tained even by professional writers. With- 
out resorting to the tricks of popular science 
writers, he is simultaneously humorous and 
serious, modest and wise. He knows his 
stuff, as the boys say. The reviewer recom- 
mends that this book be read not only by stu- 
dents of chemistry and chemical engineering 
but by everyone who has wondered about 
chemists and who appreciates good writing. 

F. L. C. 



COMMENTS AND CRITICISMS 


Henry George 

Mr. Davies raises some interesting points in your 
March issue but are his assumptions sound or his 
premises justified? He assumes that private earn- 
ings ''may be broadly classified as payments for 
personal services and payments for saving’^ but does 
this show the true relationships? Do we pay "for 
saving and can interest be so regarded? Is there 
any clear demarcation between payment for services 
and payment of interest? Capital, in a sense, earns 
its own interest by the added efficiency which tools 
give to labor. 

What we earn may take the form of wages to be 
spent for today's needs, or it may take the form of 
capital to yield that deferred, prolonged, and greater 
return which we call interest. The farmer may eat 
up his consumption wages in eggs or in broilers, or 
he may hatch the eggs, accumulating capital in the 
form of a laying flock, but he cannot have it both 
ways for eggs eaten will never hatch. And of course 
interest is justified for otherwise he receives no 
compensation for foregoing today's desires. 

Guesses of the share of production which goes in 
interest lead only to confusion, for the greater part 
of interest can never be unscrambled from the direct 
wages of labor. How much of the income of each 
craftsman is interest on capital in tools — ^the plows 
of the farmer, the sewing-machine of the tailor, or 
the kit of the carpenter? These things are aU 
capital and, used, earn interest, but can figures for 
aU the nation be broken down? The farmer who 
builds a stone-boat must forego the food which 
he might have been raising, but the added efficiency 
which the equipment gives in clearing his fields is 
interest on the capital produced. 

Mr. Davies says that Henry George "failed to note 
that the original earnings of land provided funds 
for the early stages of capital investment, ' ' but land 
earns nothing: it only makes it possible for labor 
to earn. Bent, collected by the landlord, may or 
may not be spent, or invested as we say, in true 
capital, but, collected by the state, it is similarly 
invested in capital, as in roads, schools, or water- 
works, and the status of rent is unchanged regardless 
of who gets it. What part does rent play in enabling 
the savage to make the bow or the canoe? Capital 
is always the product of labor, and operations of 
the market only affect its ownership. Uninvested 
money is capital only potentially, as is unexpended 
labor, and stocks, bonds, and bank balances are only 
vouchers representing real things which may or may 
not be capital. 

The simple fact is that aU that man has and en- 
joys is obtained by labor, whether of brain or brawn. 
Bent we must always have, as long as land differs 


in desirability, for it arises from this differential. It 
may go into private pockets, forcing the citizens to 
dig into their earnings to support government, but, 
if returned to all in the operations of government, 
such exactions will no longer be necessary and man 's 
labor can be freed from this heavy toll. This, to 
the writer's mind, is the heart of George's philos- 
ophy. — Gilbert M. Tucker. 

Corset Isn't 

Allow me to draw your attention to the article that 
appears in the February issue of your magazine un- 
der the title "Thomas Paine: Scientist-Religionist" 
by Ralph 0. Roper. I quote a few lines from the 
1st column, page 101: "Herschel was a musician; 
Paine, a staymaker — of ship stays." 

In the Readers Digest magazine, issue of March, 
page 78, there appears an article under the title 
"Tom Paine, Crusader for Common Sense" which 
article is condensed from The New Leader by Max 
Eastman. From page 78 I quote as follows: "Ob- 
scure British corset maker who landed at Philadel- 
phia in Nov. 1774." Again on page 79 we read: 
"After leaving school at 13 he learned his father's 
trade of staymaker, fitting whalebone corsets." 

So I am just wondering whether Tom Paine made 
corsets for ships or for the ladies; perhaps you can 
enlighten me. — H. Hall. 

May I offer the following to support my claim 
that Paine was not a corset maker, and that he was 
a maker of ship stays : 

Thetford, where the Paines lived, was alive with 
fishermen and fishing boats, and one of the main 
occupations was the making of ship stays. 

Peter Eckler, in an early biography of Paine 
specifically states: "It is probable that Paine ac- 
quired in the manufacture of ship stays, the skill 
which enabled him to forge and manufacture with 
his own hands the models for Ms iron bridge, ' ' 

The claim that Paine was a corset maker has been 

of more modern origin. X. Y. Z , it is quite 

evident, thought it would help to sell his book to 
couple it with some of the worst of falsehoods. 
Hence, he had Paine, at the age of 13, sticking Ms 
head up against the "belly" of a 200 pound woman, 
in an attempt to adjust her corset, and his Quaker 
father swearing at him because he was not working 
fast enough! No, a more useful ship staymaker of 
the Quaker temperament is not as exciting to readers 
who demand not only jazz language but also jazz 
sentiments. It may be that Mr. Eastman, in the 

Readers Digest article, followed the lead of Z- in 

classifying Paine as a corset maker. Anyhow, it is, 
I believe, far from the truth. — ^R. 0. Roper. 
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A Scutching 

Dr. Alexander F. Skutch has gently remon- 
strated our failure to give the scientific names of 
the birds that played the principal roles in his 
^Tarable for Peacemakers” {The Scientific 
Monthly, April, 1944). Their names are as fol- 
lows: The striped flycatcher is Legatus leu- 
cophaius; the gray-capped flycatcher, Myiozetetes 
granadensis; and the chipsacheery flycatcher, 
Myiozetetes similis. The three are members of 
the family Tjrrannidse. — ^Eds. 

Transposition 

Congratulations on the ^'new^' Sc%entific Monthly 
with only one querulous word. Why continue the 
annoying habit in the book reviews of indicating the 
book concerned with a footnote? Everyone has to 
glance down and back. Since the hoolc is the subject 
of the review for G-od’s sake (and mine) put the 
significant data of title, etc., right at the head of the 
article. — ^H. E. Eawlinson. 

Amen. — ^Eds. 

Ups and Dovms 

In the January 1944 number there is a very inter- 
esting article on the Amazon by Albert F. Kunze in 
which on page 18 he says ‘‘of the newly founded 
city of Santiago de Guayaquil, situated high among 
the peaTcs of the Andes** [italics mine]. The city 
of Guayaquil has always been practically at sea level, 
only 30 miles up the Guayas Biver from the Gulf of 
Guayaquil, into which it empties. — James Birch 
Borer. 

Mr. Borer, who lives in Ecuador, pointed out 
not only the true location of Guayaquil, but also 
two other errors to which we previously confessed 
in this column. We wish that we could send copy 
to him in advance of publication. — ^Eds. 


Shall We Speak Out? 

From multiplex experiential fronts 
We must at times to inner room withdraw 
And ponder meaning in some hope to see 
Synthetic bits of universal law. 

To oft emerging from that cell to light 
We bring no message, yet discern the flaw. 
Upon that page our shadows fell so dark 
That what we drew but outlined what we saw. 

At times the ego merges with the All 
And lets the light of truth prevail. 

Then do we feel impelled to sing 
Or picture nature’s wondrous tale. 

In this so strange for those immersed 
In scientific lore, whose life is spent 
In analytic test and measurement. 

Of changing form and planned experiment? 

Truth comes in many forms, and beauty too, 
May peer from graphs and metric formulae. 
The reach of mind beyond its data soars 
To make its greatest gains, and we are free 
To test and seek some more. 

Mankind is still emotion geared 
With hymns of hate and love. 

Behind the scenes stalk want and fear 
And ovor all the crowding sphere 
The master problem proves. 

So therefore build and carve and draw, 
Deduce, conclude and write as law 
What seems so clear to you. 

Fear not to seem beyond the pale 
For yet no sacred mode prevails 
To voice a message true. 

— John G. Sinclair. 
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PENICILLIN’*' 

By ALBERT L. ELDER 


Fob centuries man has depended, directly 
or indirectly, upon fermentation reactions 
for the destruction of waste materials and 
the production of valuable compounds. As 
an example, the beverage industry, which 
dates back to Biblical times, has been devel- 
oped to a very high technological state, and 
further improvements in yield or decrease 
in the time cycle may be difSeult to attain. 
Present day competition between some 3301- 
thetic and fermentation processes is keen, 
and there is reason to expect that it will 
continue to be so. Many commercial fer- 
mentation processes result in high con- 
versions of carbohydrate into the desired 
end product. Among the high yield fermen- 
tations are those of alcohol, acetone, acetic 
acid, butanol, butyric acid, citric acid, glyc- 
erol, gluconic acid, kojie acid, lactic acid, 
and 1-sorbose, for in these the conversion of 
carbon into the desired material varies from 
20 to 97 percent. It is only within recent 
years that attempts have been made to har- 
ness low-yield fermentation reactions on a 
commercial scale and to isolate desired sub- 
stances therefrom. 

Based on the cost of equipment for its 
production, penicillin is by far the most im- 
portant of the low-yield products. At the 
present time, the formulas for fermentation 
media used in producing penicillin vary 
greatly in different plants, but calculated on 
carbon content of media converted into car- 
bon in penicillin, the yield is only about 
0.005-0.1 percent. Yields of this order of 
magnitude are most fascinating to the scien- 

* A» address delivered on MariA 29, 1944, at the 
Tenth Annual C&eianrgie Oonferenee, St. Louis, Mo. 
Aeknowledgement is made to the National Rarm 
Ohemnrgic Oonncil for permission to pnhlhh it. 


tist, for he dreams of the day when he might 
obtain one percent conversion. It is almost 
incredible that we would spend approxi- 
mately twenty million dollars on equipment 
in which to carry out such an inefficient re- 
action. But we who have been connected 
with the commercial production of penicillin 
are proud of the accomplishments thus far, 
yet humble when we realize how little is 
known about the mold, Pemeillium notatwm, 
and the mechanism by which it produces 
penicillin. 

Several crystalline antibiotic substances 
have been obtained from bacteria and molds. 
These substances have the capacity of inhibit- 
ing growth and destroying various bacteria. 
In general, they are bacteriostatic, rather 
than bactericidal, and are selective in action. 
In vivo their bacteriostatic ability may differ 
greatly from that in vitro. At the present 
time, penicillin is the most important of 
these antibiotic substances, for it is reason- 
ably nontoxic and therefore can be used in 
vivo. It is particularly effective against 
most of the gram-positive cocci and bacilli, 
and the gram-negative diplococei. Strepto- 
cocci, staphylococci, pneumococci, the clos- 
triditun group, gonococci, meningococci, and 
spirochete and actinomycete infections re- 
spond to its use. Penicillin has not been 
shown to be effective against the gram-nega- 
tive bacteria, tubercle bacillus, malarial 
parasite, Friedlander’s bacillus, and many 
others. Although called the ‘ ‘ miracle drug, ’ ’ 
its uses are limited and the method of han- 
dling the drug clinically leaves much to be 
desired. 

At present penicillin is delivered to the 
physician as penicillin sodium, the sodium 
salt of an organic acid. Several other metal- 
405 
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lie salts have been prepared, and it is quite 
likely that some other one may soon super- 
sede the sodium salt. Penicillin is affected 
unfavorably by high temperatures, moisture, 
and acidic and basic conditions. At present 
the ampoules of the drug are kept at tem- 
peratures below 10° 0. (50° P.) and have an 
expiration date of three months from date 
of testing and filling, except for three com- 
panies with a six months’ dating and one 
with four months. Because great losses are 
encountered in purifying the drug, it is used 
in the relatively impure state, but before 
long a product containing at least 50 percent 
penicfilin should be produced on a commer- 
cial scale. The pure salt is crystal clear. At 
present penicillin is administered intra- 
muscularly, intravenously, by lumbar punc- 
ture, directly into joint and cavity spaces, 
and locally — oral administration is not ef- 
fective. The amount required per case 
ranges from about 100,000 units to a few 
million. One billion units of pure penicillia 
weighs approximately one pound. It is hoped 
that someone will discover a derivative of 
penicillin which can be administered orally 
and further that the stability of the drug will 
be improved greatly. Also, it is possible 
that some derivative of penicillin might have 
a much wider bacteriostatic action. 

Numerous articles have been written per- 
taining to the accidental discovery of the 
bacteriostatic action of Pemcillmm notatum. 
It is with considerable chagrin that we must 
admit that- a drug of such potential useful- 
ness remained dormant for so many years. 
Were it not for the war, it is most likely that 
it would still be little more than a laboratory 
curiosity. The bacteriostatic effect of peni- 
cfllin was first observed by Dr. Alexander 
Fleming, Professor of Bacteriology at St. 
Mary’s Hospital, London, in 1929. A spore 
of the mold contaminated a Petri dish con- 
taining a culture of Staphyloeoeeus aureus. 
The growth of this organism was inhibited 
by the mold, later identified as Penicillium 
notatum. Fleming studied the material and 
suggested that it might have clinical value, 
if it could be produced on a larger scale. 

, Professor HArold Raistrick of the London 
Sdjool of Hygiene and Tropical Medicine 
pndu^ la^er quantities of penicillia and 


studied its properties in some detail. He 
urged that it be subjected to clinical tests, 
but the small yields made this impractical at 
the time of his publication in 1932. For 
seven years little was done with penicillin. 
In 1939 the Oxford group under the leader- 
ship of Dr. H. W. Florey revived penicillin 
as a possible war-time drug. In 1939 a 
Rockefeller grant of $5,000 was made to sup- 
port the work and again in 1941 another 
$5,000 grant was made. In July, 1941, Dr. 
Florey and his associate. Dr. N. 0. Heatley, 
visited the United States and made their find- 
ings available to some American workers. 
The early work in the United States was 
under the guidance of the Office of Scientific 
Research and Development. 

During the past two and one-half years 
penicillin has gone through all the growing 
pains usual to any new industry. Produc- 
tion was stUl in the laboratory stage when 
information about it was brought to the 
United States in 1941. The yields were hope- 
lessly low, and the recovery process was far 
from satisfactory. War-time conditions in 
England made its rapid development very 
difficult in that country. Among those con- 
tacted in the United States was Dr. Robert 
D. Coghill, Fermentation Division, Northern 
Regional Research Laboratory. His group, 
with their broad experience in fermentation, 
taclded the problems of increasing the yield 
and recovery. Dr. A. J. Moyer, a co-worker 
of Dr. Coghill, discovered that the addition 
of corn steeping liquor to the medium upon 
which the mold grew increased the yield 
tenfold. New strains were developed, and 
in a short time the yield had increased from 
two up to forty Oxford units per cubic 
centimeter. 

Within a few months the firms of Merck, 
Squibb, Pfizer, Abbott, and Winthrop were 
producing enough penicillin for some clinical 
tests. As clinical results were obtained, the 
potential usefulness of penicillin became 
more exciting. Only experimental quanti- 
ties of penicillin were produced in 1942, and 
only 400 million units during January to 
June of 1943. 

The armed forces recognized that thou- 
sands of lives might be saved if penicillin 
could be produced on a commercial scale. 
The responsibility for this production rested 
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with the Drugs and Cosmetics Section (now 
a Branch) of the Chemicals Division of the 
War Production Board. Mr. Fred J. Stock, 
chief of this Section, was given “guesti- 
mates” for requirements and promises for 
processes, and on this footing the program 
was launched. Mr. Stock recognized the 
potential usefulness of the drug and there- 
fore urged industry to tackle this problem. 

During the next few months processes 
were improved. Starting from the drawing 
board, plants had to be built. Most of the 
construction program was done during the 
months of October, 1943 to March, 1944. 
The production in June was 0.4 billion units ; 
July, 0.7; August, 0.8; September, 1.7; Oc- 
tober, 2.8 ; November, 4.8 ; and December, 9.1. 
The production in March should be at least 
twice the total production in 1943 and rapid 
increases should follow each month for sev- 
eral months to come. 

The production of penicillin may be di- 
vided into the following steps: (1) isolation 
of a pure culture of Penieillium notatum and 
recovery of spores of the mold, (2) prepara- 
tion of inoculum from pure spores, (3) 
preparation of a sterile medium, (4) inocu- 
lation of suitable medium with spores under 
sterile conditions, (5) growing cycle under 
careful control of air and temperature, (6) 
separation of mycelium from liquid medium 
containing the penicillin, (7) concentration 
and recovery of penicillin, (8) packaging 
under sterile conditions, and (9) assay of 
products. 

Many methods have been suggested for 
growing penicillin, and the War Production 
Board evaluated carefully all proposed proc- 
esses. Great publicity was given to the cook- 
stove method, the utilization of the home 
photographic darkroom, and several others. 
The man-hours required to produce appre- 
ciable amounts of penicillin and the lack of 
uniformity of product made such proposals 
untenable. Pour methods have been tested 
in great detail. These are known as the 
trickle process, the bran process, the surface 
process, and the submerged process. 

In the trickle process the inoculated broth 
is allowed to flow over stones or wood chips 
under aerobic, sterile conditions. The liquid 
flows by the mold, which clings to the sup- 


ports. It is an adaptation of the “quick” 
vinegar process. Based on its present yields, 
the cost of equipment is such that this proc- 
ess is not promising. 

Sterile bran can be inoculated with spores 
and penicillin extracted from the bran after 
a suitable incubation period, but size of 
equipment and difSeulties with temperature 
control and sterilization have been trouble- 
some. The cost of operation of such a plant 
cannot be evaluated at the present time. 

The oldest method for producing penicillin 
was that of growing the mold on the surface 
of a quiescent medium under sterile condi- 
tions. Flasks, milk bottles, and trays are 
used. Some of the “bottle” plants must 
handle many thousands of bottles per day. 
Yields are good, growing cycles are long, and 
labor costs are high. Unless some improve- 
ments are made in the process, bottle plants 
cannot operate as economically as the deep 
fermentation plants. 

Penieillium notatum has the interesting 
characteristic of growing also under sub- 
merged conditions. Different strains are 
used for the submerged process. The mold, 
as it grows in the broth, is aerated for sev- 
eral days in large fermenters. At the end 
of the fermentation cycle the mycelium is 
filtered and discarded, and the penicillin is 
recovered from the broth. Tanks holding 
several thousand gallons are now in success- 
ful operation, and should the expected im- 
provements follow, this procedure assures 
us of a high output and cheap method for 
the production of penicillin. 

The recovery of penicillin from the broth 
follows somewhat the same pattern irrespec- 
tive of culture media or growing conditions. 
At the end of the growth cycle penicillin is 
present as a soluble salt in the broth in a 
concentration m the range of that of bromine 
in sea water; but recovery of bromine from 
sea water is simple when compared with the 
recovery of penicillin. Many of the chem- 
ists’ tools and tricks of the trade have been 
applied to the problem. Several methods 
have been developed and although some are 
usable, none is entirely satisfactory. The 
procedure first published by the Oxford 
group depended upon acidifying the broth 
to a pH of 2.0 to 3.0, extracting the penicillin 
with a small volume of an organic solvent 
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such as chloroform or amyl acetate, and then 
extracting the penicillin from the organic 
solvent with an alkaline solution. By ap- 
propriate cycling, purification and concen- 
tration can be accomplished. Approximately 
50 percent of the penicillia is lost during the 
recovery process. If this serious loss can be 
reduced, production may be increased with- 
out further plant expansion. 

Penicillia is unstable in aqueous solutions 
and therefore must be packaged as the dry 
salt. The technique used to dry blood plasma 
has been applied to the drying of penicillin. 
Although this method is workable, costly 
equipment was necessary, because time was 
lacking to develop a cheaper method of 
drying. 

Since the final substance must be injected 
into the body, elaborate procedures are used 
to insure a nontoxie, sterile, pyrogen-free 
product of uniform potency. This phase of 
the program is under control of the Food 
and Drug Administration. The labor re- 
quired for such controls makes it imprac- 
tical for hundreds of producers to enter the 
field. 


As coordinator of the penicillin program 
from October, 1943, to March, 1944, it was 
my privilege to participate in this thrilling 
development. It has been a three-way race 
all through this program among rushing to 
completion the eighteen plants in the United 
States and two in Canada, developing a 
suitable process so the plants could operate 
when they were physically completed, and 
trying to ssmthesize penicillia. Some com- 
panies were pushing one group of men to get 
a plant built, another group to develop a 
suitable fermentation process for the plant, 
and still another group to learn how to syn- 
thesize penicillia. If the last had been suc- 
cessful, the fermentation plant might have 
become obsolete before completion. 

The army expediters, under the able super- 
vision of Major Frank Sleeter, assisted the 


War Production Board staff in breaking 
^tleneoks in equipment and construction 
pial^ials. The speed with which some of the 


i built is testimony to American 

^ Prodp,clSon Research and De- 
V Production Board was 


called in to break technical bottlenecks, and 
research projects were started almost over- 
night at Pennsylvania State College, Univer- 
sity of Wisconsin, University of Minnesota, 
Massachusetts Institute of Technology, and 
Stanford University. Dr. T. K. Sherwood 
at M. I. T. advised on methods of drying 
and packaging the final product. Fermen- 
tation problems were assigned to Dr. W. H. 
Peterson and his group at the University of 
Wisconsin. Dean Whitmore of Pennsylvania 
State College placed a group of chemists and 
chemical engineers on recovery processes. 
Plant pathologists, led by Dr. B. 0. Stakman 
at the University of Minnesota, have been 
organized to search for new and better 
strains of molds which produce penicillin. 
The group at Stanford, under Dr. G. W. 
Beadle, have been assigned the problem of 
producing changes in the mold which may 
increase the yield of penicillin. The army 
assigned Capt. A. B. Hatch to my oflSee to 
follow the biological developments. Samples 
of soil have been collected from all parts of 
the world, and a systematic program has 
been outlined in an attempt to improve the 
yield. 

Additional research on penicillin, some of 
which was sponsored by industrial firms, has 
been carried on for some time at Northwest- 
ern University, Columbia University, The 
Ohio State University, and several others. 

A very low order of probability exists that 
we are now using the best possible strain of 
PenioUUum notatum. To pick the winner 
would be like choosing the winning horse in 
a race with a thousand horses at the gates. 
Measuring the productivity of a mold is slow, 
tedious work, and attempts to produce 
changes ia the mold may be unfruitful. 
However, work of this kind, if successful, 
could increase production so greatly, that 
anyone connected with the program who 
failed to consider and investigate these possi- 
bilities would be failing to meet his responsi- 
bilities. Since October 1, 1943, Dr. L. A. 
Monroe has been devoting full time to co- 
ordinating the O.P.R.D. projects, and his 
assistance has been of great value in develop- 
ing the technical aspects of the program. 

In October, 1943, the govermental re- 
sponsibilities in connection with penicillin 
were established on dear-cut lines. The re- 
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sponsibility for the production of penicillin 
by fermentation methods was taken over by 
the War Production Board, and the synthesis 
of penicillin was left under the control of 
Dr. A. N. Eichards and his Committee on 
Medical Eeseareh of the Office of Scientific 
Eesearch and Development. The recovery of 
pure crystalline penicillin from mold has 
been reported in the newspapers. Progress 
on synthesis is clothed in deep veils of 
secrecy, but we shall know eventually 
whether the program was a dismal failure 
or a brilliant success. Should synthesis not 
be announced in the near future, new groups 
of chemists will undoubtedly tackle the 
problem. 

At a dollar per 100,000 units, penicillin 
would cost about $10,000 per pound. There- 
fore, attempts to synthesize penicillin will 
continue for some time to come. The ques- 
tion is frequently asked, “What will happen 
to the twenty million dollar fermentation 
investment if penicillin can be synthesized 
economically?” The plants producing peni- 
cillin by submerged methods can be con- 
verted quickly to produce other chemicals by 
fermentation methods. The bran plants are 
also applicable to other uses. The bottle 
plants may be saved by the development of 
other antibiotic substances. If not, some of 
the equipment will be of little use. In fact, 
the bottle plants, although the surest bet a 
year ago, may be forced out of production 
within the next year, even though penicillin 
is not synthesized. 

The distribution of penicillin for civilian 
use up to the present time has been under 
the control of Dr. Chester S. Keefer, Evans 
Memorial Hospital, Boston, Massachusetts. 
His job has been most trying, and one ex- 
ceptionally well done. The clinical research 
under his supervision has been carried for- 
ward very rapidly. As soon as the needs of 
the armed forces can be met, penicillin 
should be available for civilian use. Diffi- 
culty is to be anticipated in the equitable 
distribution of so valuable a drug when the 
demand exceeds the supply. The potential 
demand for penicillin cannot be evaluated 
with any degree of accuracy until more is 
available for clinical tests on humans and 
animals. The needs of the world for the 
drug are staggering. Its value in treatment 


of animal diseases has not been tested. The 
final price of penicillin will determine its 
use for many purposes. 

Approximately fifty different chemicals 
are required for the preparation of inoculum 
and culture media, and for the recovery and 
testing of penicillin. Mice and rabbits are 
needed for animal testing. The raw material 
requirements for the preparation of a suit- 
able substrate and for the recovery processes 
run into millions of pounds per year. For- 
tunately, there is at least one substitute 
material for nearly every step m the process. 
Thus although one sugar may be excellent 
for the fermentation media, by proper modi- 
fication other carbohydrates may be used. 
Even though corn steeping liquor has been 
shown to be a valuable adjunct to the media, 
it is quite likely that still better substances 
wfil become available. Several organic sol- 
vents can be used m the recovery process. 
The salvation for large-scale production of 
penicillin has been the recognition that sev- 
eral methods for its recovery had to be de- 
veloped. If a single process had been se- 
lected and only one recovery system used, 
the construction of the plants could not have 
been attained in such a short time ; and even 
though physically completed, the raw mate- 
rials would not have been available for the 
operation of the plants. To have standard- 
ized the process five months ago would have 
stifled progress. Attaining maximum pro- 
duction today depends upon the efficient 
harnessing of the “know-how” recently 
developed by the technical men. 

The one American deserving of the most 
credit for his contribution in the penicillin 
program is Dr. Eobert D. Coghill, Chief of 
the Fermentation Division of the Northern 
Eegional Eesearch Laboratory, His group 
made commercial production a reality, 'and 
his fundamental research, which is still being 
continued, adds each day to the knowledge 
required to hasten civilian distribution of 
penicillin. Also, hundreds of technical men 
throughout the industry have worked as 
never before to push tMs program to the 
limit The close cooperation between gov- 
ernment and industry has resulted in one of 
the most rapidly developed programs since 
the war began. 



SENESCENCE AND INDUSTRIAL EFFICIENCY* 

I. THE GENERAL PROBLEM 
By EDWARD J. STIEGLITZ 


The primary object of industrial health 
activities is to increase work efficiency of 
personnel and thereby to reduce costs and 
speed production. Both historically, and in 
present day application industrial health is 
divisible into three distinct fields of effort. 
The earliest phase was limited to surgical 
and medical repair and rehabilitation of em- 
ployees injured on duty. Later came recog- 
nition that physical injuries could be pre- 
vented by control and improvement of the 
work environment. Thus industrial hygiene 
was born. Its growth has been rapid and 
dramatic. The Industrial Hygiene Founda- 
tion of America was created to foster further 
improvement of the work environment; its 
accomplishments are too well known to re- 
quire comment. The third, and as yet only 
scantily developed phase of industrial health, 
consists of efforts directed toward improve- 
ment of the health of individual workers so 
that they may be more effective in any 
environment. 

Man’s ability to work is affected by many 
factors. These fall into two large categories. 
First are those factors arising from adverse 
environmental conditions. Extreme heat or 
cold, improper illumination, annosdng and 
irritating dusts or fumes definitely impair 
work efficiency, even vrithout taking into 
consideration their cumulative ill effect upon 
health. These are the exogenous factors. 
Though of vital importance to industrial 
health maintenance, they are outside the field 
of this discussion. The second category of 
factors affecting work efficiency are endo- 
genous ; they arise within the worker himself. 
To maintain maximum efficiency, the human 
machine must be mentally and physically 
healthy. lU health occurs in many degrees ; 
impairment of work capacity is equally vari- 
able. Acute illness may make for temporary 
total incapacity. Chronic illness may either 
esam brief periods of recurrent total in- 

•‘Breseatea at the eighth ommal meeting of the 
: . Hygiene Fotmclation of America, Pitts- 
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capacity or continuing partial impairment. 
Physical defects may limit capacity to work 
to certain tasks. Fatigue and other intoxi- 
cations reduce industrial efficiency. Age 
likewise affects work capacity. 

Senescence is that part of aging which oc- 
curs after the peak of full maturity. Aging 
is a series of changes which begin with con- 
ception and end only with death. Though 
continuous, the rate of change is not uni- 
form. The first overt consequences of senes- 
cence usually become manifest somewhere 
near forty years of age, although occult 
changes have been progressing for years be- 
fore this time. For convenience in discussion 
we may divide the later half of life into three 
periods: later maturity or early senescence 
(approximately 40 to 60 years), late senes- 
cence (60 to 75), and senility (after 75). 
The critical period is that of later maturity 
or senescence. 

Need fob KNOvyusDUB 

Interest hx the science of gerontology, 
which is the study of aging, is relatively 
recent. Aging was long taken for granted. 
The false notions that senescence is all de- 
cline, that it is merely the precursor of 
senility and death, and that nothing can be 
done about it are still held far too commonly. 
True, the aged, like taxes, have always been 
with us, but never in such alarming numbers 
as today. It is the recent tremendous rela- 
tive and absolute increase in the number of 
elderly persons which makes urgent the need 
to learn much, much more about senescence 
than we now know and to apply with energy 
and intelligence that which we already have 
learned. The radical changes in population 
structure are of great significance to every 
man, woman, and child in this great country, 
but most particularly they are of moment 
to Industry. 

In 1900, the average life expectancy at 
birth in the United States was only 47 years ; 
in 1930 it had risen to 60 years and in 1940 
to over 63 years. A rise of 16 years in ex- 
4X0 
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peeted longevity in only 40 years of elapsed 
time gives one occasion to pause and to think. 
Equally dramatic is the rise in median age 
of our population from 26.4 to 28.9 years in 
a single decade from 1930-1940. In 1900 
only 17 percent of the total population had 
reached an age of 45. In 1940, 26.5 percent 
had passed the convenient meridian of 45. 
Conservative estimates by the United States 
Bureau of the Census, assuming no net im- 
migration or emigration and ignoring the 
effects of the war, predict that in 1980 more 
than 40 percent of our people will be 45 years 
old or older. In the United States today 
there are more than 13 million people aged 
over 60, of which more than 9 million are 65 
or older. The rate at which longevity is in- 
creasing was accelerated in the last census 
decade : from 1930 to 1940 our total popula- 
tion increased 7.2 percent, whereas the num- 
ber of people 65 or older increased 35 percent 
in the same interval. The war will probably 
not alter the general trend significantly; 
deaths from battle casualties are counter- 
balanced by the quickened birth rate. 

These trends were reflected in Industry 
weU before the war. In the late 1930 ’s 
one immense manufacturing corporation ob- 
served that the average age of its employees 
was increasing at the rate of a year per year. 
The shifts in population structure will con- 
tinue after the war, and Industry needs to 
plan now how to best utilize the growing 
reservoir of potential accomplishment of the 
elderly. That they are capable of significant 
accomplishment is being demonstrated every- 
where today. The tremendous withdrawal of 
young men from the farms and factories into 
the armed forces and the demand for gigantic 
production of the materiel of war has brought 
back iuto employment untold thousands of 
workers previoudy discarded as “too old.” 
Just how many I do not know, nor does it 
matter greatly. Significant, however, is the 
undeniable fact that these older men and 
women, many far past later maturity and 
already in the years associated with senility, 
are laboring mightily, seriously, and effec- 
tively. Study of their production records 
will surely reveal that the former fearful 
attitude of management toward hiring em- 
ployees past “the prime of life” was based 
more upon prejudice than factual data. 


We cannot escape the obligations imposed 
by the ever inereasing proportions of the 
elderly in our population. The elderly are 
here in unprecedented numbers, which will 
increase. If society fosters research and 
medical and hygienic practices for the pro- 
longation of life, society must assume at 
least some responsibility for the lives thus 
extended. Certainly no one but another 
paranoid would advocate solving the prob- 
lem, ^ la Hitler, by wholesale “liquidation” 
of the elderly. Business has but two alterna- 
tives : either to find and apply ways of em- 
ploying older individuals in occupations and 
under conditions suitable to their peculiar 
capacities so that they may continue to earn 
their way, or to contribute more and more 
heavily toward payment of the mounting bill 
for their support, either directly as pensions, 
or indirectly and more expensively through 
heavier and heavier taxation for a “secur- 
ity” program already known to be actu- 
arially insecure. The sane choice is obvious. 
We can expect little opportunity for indi- 
vidual saving for retirement in the face of 
present and impending taxation. 

This is a gloomy picture, but as such is 
not a true one, for like the conventional 
cloud there is a very hopeful silver lining. 
The millions of people past their assumed 
“prime” constitute an invaluable, though 
previously ignored, human resource. They 
represent an immense potentiality of useful 
and creative accomplishment. Wise plan- 
ning and guidance based on the growing 
scientific knowledge of the phenomena of 
senescence can develop their potentialities 
and minimize their limitations. The discov- 
eries of pure science and their technological 
application, enthusiastically and profitably 
supported by Industry, have produced many 
previously unknown and often unsuspected 
forces and materials. These promise incal- 
culable benefit to all. But the fuU develop- 
ment of man himself, in contrast to the 
physical world about him, has barely com- 
menced. The wonderful potentialities of 
mankind can be discovered only in those 
fully mature. More men are growing old 
enough to think. Thus the alternative to 
economic chaos consequent to a growing 
population of unemployed and dependent 
senescents is the possibility of a splendid 
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cultural advance led by the wisdom of ma- 
ture minds. 

Obviously, Industry does not stand alone 
in being responsible for the solution of the 
general social problems created by increas- 
ing age. But industrialists, and particularly 
those executives concerned with personnel 
management, are in a uniquely advantageous 
position to lead the way. If Industry does 
not take the i nitiative soon and earn leader- 
ship by right of accomplishment, politicians 
will and chaos threatens. Once politicians 
discover the growing power of the vote of 
the elderly, we may anticipate legislation of 
a series of Utopian “schemes,” each one 
wilder than those preceding and each calcu- 
lated to purchase political support but bliss- 
fully ignorant of sound economy. There is 
also a dreadful hazard from the unscrupu- 
lous Bosses of labor, ever willing to obstruct 
honest effort. And honest effort is char- 
acteristic of senescent individuals, for the 
greatest tragedy and hurt of aging is the 
sense of uselessness when their services are 
discarded by society. 

Industry thus has the powerful motiva- 
tion of self-defense to exert itself in lead- 
ing the way toward wiser utilization of the 
aging through development of their latent 
capacities and through energetic efforts to 
improve their physical health and effective- 
ness. Whether industrial leaders have the 
wisdom to encourage such efforts is a dif- 
ferent question which only time can answer. 
Certainly the basic prerequisite to progress 
is comprehension of what the changes of 
senescence do to men and women. The gen- 
eral ignorance concerning the fundamental 
consequences of this universal phenomenon is 
sadly apparent. When we apply Artemus 
Ward’s diefinition of ignorance as “not not 
knowing but knowing so many things that 
ain’t so,” the situation becomes downright 
dangerous. Let us not forget that we all age, 
whether we like it or not, and that senescence 
affects everyone who survives long enough. 


continuously as we approach the limits of 
man’s span of life. Each period of life re- 
veals certain characteristics peculiar to the 
age. The man of 50 is not the same person 
he was at 30 — ^he is not merely 20 years 
older. He is a different being, with distinct 
alterations in his body structures, functional 
capacities, and reactions. He will continue 
to change, though more slowly, from 50 to 60 
and still more slowly from 60 to 70. Just as 
the child is not merely a “little man,” the 
senescent is something more than just an 
“older man.” The changes involve all the 
innumerable activities which constitute liv- 
ing. People of different ages do not think 
alike, they do not react to disease in the same 
ways, they vary in their vulnerability to ad- 
verse environmental conditions, and differ in 
their capacity to work. 

It must be re-emphasized that the changes 
occurring during senescence are not all in the 
direction of diminishing efficiency, as is com- 
monly assumed. Certain functional capaci- 
ties increase as others decline. The rate of 
depreciation with age of different structures 
and functional reserves is decidedly variable. 
We do not age symmetrically. I am sure we 
all know of some old men with young ideas; 
physicians see many young men with old 
hearts. As muscular strength and speed of 
movement diminish, certain manual skills 
may improve with continued use. 

Furthermore, no two individuals age pre- 
cisely alike. Chronologic age, as measured 
by the calendar, must not be confused with 
biologic age, for the two are often widely 
divergent. People do not all live at the same 
rate. The rate of aging is determined by the 
rate of living. Biologic time does not neces- 
sarily parallel solar time. Thus among any 
group of fuUy mature individuals there are 
some who have aged prematurely and others 
who are both physically and mentally much 
younger than their chronological age would 
indicate. Unfortunately, the latter are in 
the minority, although most of us are con- 
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vinced that we are ourselves younger than 
our years. But this is wishful thinking and 
careful analysis would find many of us older 
than our calendar years. Variability among 
individuals increases with age. 

One of the major reasons for the inereas- 
variation among individuals is that no 
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two people lead identical lives. Each has 
been subjected to different physical and 
mental insults, fatigues, infections, and in- 
toxications in different sequences and in 
varying intensities. All the apparently mi- 
nor vicissitudes of existence affect us and 
their cumulative effect is most significant. 
What we are today is greatly determined 
by what we did yesterday and what hap- 
pened to us the day before yesterday. Youth 
has had few yesterdays and therefore reveals 
relatively little variation. 

This is not the place to discuss in detail 
the physical and functional changes which 
take place in senescence. Certain superficial 
and obvious changes we all know. Gray 
hair, bifocal spectacles, wrinkles, and a less 
steady walk all of us can recognize as signs 
of aging. But these are superficial and in- 
significant changes. Our real concern is with 
the efiScieney of the organism as a whole. 
There are many young eyes, not requiring 
lenses, which see very little because they 
were never trained to look. W'hat goes on 
within the skull is more important than 
whether the roof be a polished dome or a 
shaggy thatch of hair. As age advances 
speed and brute brawn diminish. But an- 
other and valuable characteristic, endurance 
for the slow grind, increases. Youth wins 
the sprint races ; marathons are won by what 
sport writers dub ^‘old men.^^ It is signifi- 
cant that our army training programs have 
shown it to be more difficult to develop en- 
durance in ‘drained’' athletes than in farm 
boys, or men from the mines, desks, and fac- 
tories. Industry too needs men able to main- 
tain a steady but not flashy pace. Appraisal 
of productive capacity is not simple or easy, 
and judgments based on superficial signs are 
often sadly fallacious. Man has many ca- 
pacities and thus there are many mental as 
well as physical facets relating to evaluation 
of fitness. 

The major hazards from disease in youth 
and early maturity are quite different from 
those encountered in late maturity and senes- 
cence. Though many diseases appear in per- 
sons of all age groups, the more common, 
more serious, and more disabling disorders 
of the two periods are of entirely different 
character. In the first half of life almost all 
sickness arises from without, either from in- 


fection or physical injury. These disorders 
begin abruptly, are florid and therefore 
readily discovered, and are characteristically 
self-limited. In most instances the causative 
agents are known. Thus specific measures 
for prevention or treatment are possible. 
The tremendous reduction in morbidity and 
mortality among the younger portion of our 
population, which has contributed so largely 
to the dramatic increase in life expectancy 
in the last fifty years, stems from these very 
characteristics noted above. Because the 
sources of most illness to which youth is vul- 
nerable lie in their environment, whole- 
sale^’ measures to improve the environment 
have immensely reduced the frequency of 
disease. Modern sanitation, quarantine to 
protect individuals from contagion, and the 
significant developments of industrial hy- 
giene have thus changed the pattern of the 
population. All those millions of children 
and youths who now do not die of diphtheria, 
small pox, typhoid fever, tuberculosis, and 
similar infective diseases have the opportu- 
nity to survive to senescence. 

As senescent individuals they become vul- 
nerable to entirely different disorders. The 
common health hazards of later years are 
characteristically endogenous ; they arise 
from within and not from environmental 
factors. They are chronic, silent of onset, 
and characteristically progressive rather 
than self -limited. They do not tend to sub- 
side of their own accord as do the acute in- 
fections of youth. Control of environment, 
either in the home or at work, can have but 
little effect on the frequency and severity of 
such disorders as arteriosclerosis, diabetes, 
heart disease, cancer, or arthritis. Preven- 
tion and control of these disorders must be 
on an individual basis and not through 
‘‘wholesale” measures. There is no antici- 
pation that we may ever be able to prevent 
high blood pressure by quarantine or reduce 
the frequency of diabetes by sanitation. 

Two aspects of the so-called “degenerative 
diseases” of senescence are worthy of special 
emphasis. In the first place their occult and 
insidious beginnings make for delay in diag- 
nosis and therefore in the institution of treat- 
ment. To discover hypertension or diabetes 
early enough so that treatment is attended 
by maximum benefit, they must be hunted. 
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The rash, fever, and sore throat of scarlet 
fever are violent and noisy signals of trouble. 
It takes little skill to discover such acute 
illnesses. But degenerative disease begins 
slowly, often without subjective symptoms, 
until irreparable and irrevocable damage is 
done. Secondly, the characteristic of pro- 
gressiveness of these disorders is profoundly 
significant. Though progression in hyperten- 
sion, arthritis, and arteriosclerosis is often 
very slow, it is always persistent. As a re- 
sult, progressive and prolonged disability is 
the common sequence. Mortality figures can 
be badly misleading. For example, arthritis 
rarely kills, but it disables millions for many 
years. The arthritic becomes partially dis- 
abled in his late forties and lives on for 
twenty or thirty years, increasingly helpless, 
pathetically useless, and a constant drain on 
both his family and society. The economic 
aspects of chronic, progressive disease con- 
stitute one of the most urgent reasons for 
energetic attack upon the health hazards of 
later maturity. 

Industry’s Concern 

Industry’s concern with these particular 
facets of the broad problem is twofold: it 
must recognize the importance of early dis- 
covery of progressive disease in older per- 
sons and assist industrial medical services 
in such discovery; and it must realize that 
before severe disability makes continued em- 
ployment impossible, there is usually a long 
period of impaired efficiency, which may 
arise so insidiously that it is not recognized. 
Mild chronic iUness is a significant element 
in the important problem of sick absentee- 
ism. Continued assignment of responsible 
tasks to individuals gradually becoming more 
and more unfit to perform them introduces a 
double hazard; for the individual it creates 
stresses which tend to accelerate his deprecia- 
tion and for Industry it invites expensive 
failures in performance. Many business dis- 
asters could be traced to arteriosclerosis in 
executives. On the other hand, the early dis- 
covery and prompt institution of proper 
medical management of diabetes may con- 


serve for Industry many a fine, precious, 
and useful mind. 

Industry is in business to earn money. 
This means that it is interested in saving 
money too. Industrial health programs are 
not primarily altruistic. They are basically 
concerned with reducing the heavy costs of 
injury to personnel occurring in the course 
of employment and cheeking the loss of pro- 
duction from absenteeism due to illness aris- 
ing independently of work. 

The first leak is being reduced through the 
triple activities of industrial hygiene, safety 
programs, and more effective medical and 
surgical repair and rehabilitation services. 
The second leak is the more serious, although 
its importance has been appreciated only re- 
cently. In loss of time, and therefore in loss 
of production, sickness absenteeism of non- 
industrial origin is about fifteen times more 
serious than injury arising from employ- 
ment. But basing loss from impaired health 
only upon actual absenteeism reveals only 
part of the picture. Probably equally ex- 
pensive are the additional and unmeasured 
losses in production due to impaired effi- 
ciency of personnel not sick enough to be 
absent but who accomplish but a fraction of 
what they should be capable of doing if their 
health were optimum. For every employee 
absent because of illness, there are probably 
a dozen present who, because of impaired 
health, merely go through the motions of 
doing something. Among these are the con- 
scientious fools with acute respiratory infec- 
tions, generously spreading infection among 
their co-workers. Included also are many 
with chronic unrecognized and untreated dis- 
orders. In general the frequency of impair- 
ment, as measured by reduced effectiveness, 
is in inverse proportion to the severity. The 
ways and means of discovery and correction 
of the minor, early, chronic impediments to 
full vigor, health, and efficiency are closely 
related to and parallel those procedures re- 
quired for the full utilization of Senescent 
individuals. It will be worth while to re- 
member that the implications of the concepts 
to be suggested in the remainder of this 
article are not limited to older persons. 


(To be concluded) 



THE FENCE^ 

By HOWARD B. ADELMANN 


It is with some trepidation that I, a work- 
er in the sciences, venture to address you, my 
friends and colleagues on the humanistic 
side of the academic fence. Ordinarily, by 
an unwritten, but unfortunately, too widely 
observed agreement, you ' 'humanists culti- 
vate only the fields on your own side; we 
"scientists’’ labor only on the other. Stand- 
ing on my side of the fence, I have often 
hung upon it in friendly converse with you, 
and I have enjoyed the experience so long 
as I felt myself protected by that intangible 
barrier. But now that you have lifted me 
bodily over it, so to speak, by inviting me 
to come among you, my emotions are con- 
fused — on the one hand I feel the pleasure 
and the satisfaction of more intimate associa- 
tion with you, and on the other, I am fear- 
ful of exposing my inadequacies. 

Unlike that distinguished but lovable gen- 
tleman, Hieronymus Pabricius of Aquapen- 
dente, who was three centuries ago Professor 
of Anatomy and Surgery in the Univer- 
sity of Padua, and in whose company I have 
spent, most pleasantly, much of my time 
these past few years ; unlike him, I say, I do 
not dare to promise you, as he once promised 
an audience, a discourse aisolutissima, fruc- 
tuosissima, luculentissima. His listeners 
went away muttering imperfectmima, ob- 
scurissima^ and so indeed may you, despite 
the fact that I make no promises. At any 
rate, you will probably say with perfect 
justice, as his students did of some lectures 
they forced Pabricius to give : ut coacia, iia 
admodum exigua; which means, as you all 
know, "being compulsory, it was therefore 
pretty thin.” 

I was very glad to learn a few years ago 
that the Cornell Chapter of Phi Beta Kappa 
had decided to admit superior students 
whose interests lie predominantly in the 
laboratory sciences. Who knows? Perhaps 
the fence is being torn down. It did not al- 

*Repriiited with pemission from the Winter, 
1943-44, issue of The American Scholar^ published 
by the tfuited Chapters of Phi Beta Kappa, 12 East 
44th Street, Kew York 17, New York. 


ways stand ; its construction was begun long 
ago when a few scholars commenced to work 
intensively in the natural sciences, and, after 
both sides had worked at it diligently for 
some two centuries, it had reached by the 
nineteenth very nearly the proportions of a 
spite-fence. It should never have been erect- 
ed ; it was illegal to begin with, and unsightly 
and unneighborly at best. 

The restricted application of the term 
"scientist” to workers in the natural sci- 
ences and mathematics, as is the common 
practice these days, is inaccurate and un- 
sound, historically and linguistically. By 
what right have some scholars been dubbed 
scientists, a name which implies that they 
alone have the key to knowledge? By what 
right have other scholars been called hu- 
manists, a name which implies that they 
alone are the custodians of the forces that 
make a man more humane, more civilized, 
more exalted? There is, in truth, no essen- 
tial difference in their aims: both strive to 
reach an understanding of man and the 
world he lives in; neither is the exclusive 
custodian of civilization, culture (or what- 
ever you choose to call it) , or of knowledge 
and the means to obtain it. Both may, in- 
deed, sometimes use the same methods. "It 
is simply the fact,” I quote Professor Lane 
Cooper, "that reduced to the simplest terms, 
there is but a single method of investigating 
the objects of natural science and the pro- 
ductions of human genius. We study a 
poem, the work of man’s art, in the same 
way that Agassiz made Shaler study a fish, 
the work of God’s art; the object in either 
case is to discover the relation between form 
or structure and function or essential effect. 

And neither the so-called sciences nor the 
so-called humanities are by themselves ade- 
quate for man in his pathetic attempt to 
understand himself, his fellow man, or the 
world he lives in. The knowledge that I 
am made of organs, tissues, and cells; that 
these in turn are composed of carbon, hy- 
drogen, oxygen, nitrogen, and a miscellan- 
eous assortment of other elements, themselves 
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owing their properties to the configuration of 
their atoms, electrons, protons, and neutrons 
is illuminating, even inspiring in its way. 
But it is not enough. Will Einstein’s 
treatise on relativity increase my wonder at 
the magnitude of the universe? If I am 
moved by the grace and beauty of the flight 
of a bird will my exaltation be sustained by a 
handbook of the birds of central New York, 
or, on the other hand, by some poet’s insight? 
Will a so-called “scientific” treatise on art 
explain the emotions aroused by beauty in 
whatever form? 

My feUow man — ^will so-called science ex- 
plain him completely? Must I not also, at 
the very least, have some knowledge of his 
language, his literature, and his history? 

And the universe — can science explain it 
all? I ask you. At the present time the 
hope that both camps working together will 
some day explain the universe even partially 
seems almost presumptuous. 

The truth is that a diet of straight science 
is unsatisfying. Karl Ernst von Baer, whom 
we honor as the founder of modern embry- 
ology, and who, like most great men, was 
modest, tells of his experience after he had 
labored for the better part of a year, shut 
up in his laboratory, at his studies on the 
development of animals. He had started 
work when snow lay upon the ground, and 
when he finally emerged from his self-im- 
posed imprisonment he found the grain in 
sheaves. “This sight moved me so deeply,” 
he says, “that I threw myself upon the 
ground and reproached myself for my fool- 
ish behavior. The natural laws of develop- 
ment will ultimately be discovered . . . 
whether by me or by others, whether this 
year or at some future time is relatively un- 
important, and it is utter folly to sacrifice 
to this end one’s own joy in Being which no 
one can replace.” 

We scientists, I think, are peculiarly apt 
to lose our sense of proportion. We describe 
a bug not prenously recorded; we make an 
«?:]^erimeat never performed before; and our 
di^veries are so exhilaratiag that we are 
magnify our own importance, and like 
1% resting on the axletree of a 
marM the <fioud of dust we 
th» 'corrective (Tf history 
' teach .ns bur 


proper place. Tlie scientific journals of 
yesterday are gorged with the papers of 
scientists who were no doubt “big” men, 
“productive” men in their day. One im- 
agines that they were deluged with “offers,” 
and that they basked in the prestige that 
loquacity in print often brings. But they 
are unknown to fame ; the once mighty have 
fallen. It is no discredit to them; they have 
contributed their mites. 

On the other hand, it is encouraging to 
know that the humble sometimes rise. Think 
of Gregor Mendel, regarded, perhaps, in his 
day as a harmless putterer in tlie monastery 
gardens at Brno, and now paid tribute as the 
founder of modern genetics. 

Now whether or not the humanities unde- 
filed are an adequate diet for the mind, you 
will know better than I. I shall merely ask, 
and having said peceavimus for the scientists, 
leave you, if it is in your heart, to do so for 
the humanists. 

As I have said, the imaginary fence be- 
tween the scientists on the one hand and the 
humanists on the other did not always stand. 
In what I like to think of as better days, 
philosophy, art, and science were not differ- 
entiated. The emphasis then was upon 
knowledge, and all departments of knowledge 
were called upon to contribute their fair 
share to a unified system aimed at the com- 
prehension of all phenomena. 

The works of Aristotle, for example, con- 
tain something of value for workers in almost 
every field of knowledge. For some of you 
he is one of the greatest authorities in the 
art of poetry, others of you have, no doubt, 
found much of permanent value in his works 
on rhetoric, ethics, politics, logic, or meta- 
physics. As a biologist Aristotle has had 
his detractors, but for me, as for others, he 
is the greatest biologist that ever lived. 

D’Arcy Thompson, a classical scholar as 
well as a fieientist, says that Aristotle seems 
to have been “first and foremost a biologist, 
by inclination and by training,” and Jaeger, 
a classical scholar, indicates that Aristotle’s 
true genius lay in the field of biological 
science. It is, at any rate, surprising to find 
how large a part of his writings deals with 
biological problems, a fact sometimes over- 
looked by those who are interested in other 
aspects of his work. 
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Some seliolars believe that the zoological 
works were composed during the period of 
Aristotle’s second stay in Athens, say a doz- 
en years preceding his death. Others, how- 
ever, believe that the philosopher’s biological 
studies were begun at Lesbos about ten years 
before he began his teaching in the Athens 
Lyceum. And the evidence does seem to 
show that his most important observations 
were made on the Asiatic coast and in the 
vicinity of Mitylene on Lesbos. 

There are three aspects of Aristotle’s bio- 
logical works upon which I should like to 
touch briefly — ^first, the range of his zoo- 
logical knowledge ; second, his profound 
grasp of the essential problems; and third, 
his method of investigation. 

Aristotle was acquainted with a truly 
astonishing number of animal forms. Some 
of them, particularly marine animals, he 
knew rather intimately, others only super- 
ficially. Some he appears to have dissected, 
others he peered into as we do in preparing 
a fish or a fowl for the table. When I say 
dissected, I do not mean that he dissected 
systematically or thoroughly — ^he would, no 
doubt, have done a better job with a modern 
manual for dissection at hand. He came to 
the study of animals untutored ; many struc- 
tures he overlooked, and many he misin- 
terpreted because his mind and eye were not 
prepared to grasp the significance of every- 
thing he saw ; but on the whole his knowledge 
is of such a character that it is difficult to 
believe that all of it was derived from talking 
with fishermen, hunters, or butchers, or that 
he was merely a passive observer of work 
performed by students. 

D’Arcy Thompson marvels at Aristotle’s 
rather intimate knowledge of marine mol- 
luscs, and, as many others have done, calls 
attention to one remarkable observation 
which was not substantiated until the nine- 
teenth century, after several observers had 
completely misinterpreted the true state of 
affairs. In both the Historia animalium and 
the De generatione animalium Aristotle de- 
scribes the peculiar transformation of one 
of the arms of the male octopus into a sperm- 
bearing organ which is detached after it is 
placed in the mantle cavity of the female. 
This detached arm was rediscovered in 1828, 
called a parasite;^ and given the scientific 


name Tricliocephalus acetalularis. Later, 
Cuvier described it as Hectocotylus ocfopodis. 
Kolliker, the distinguished Wurzburg ana- 
tomist, regarded it as a parasitic male similar 
to the diminutive males found in certain 
other animals, and it was not until 1851 that 
the French naturalist V4rany fortunately 
discovered that the supposed parasitic male 
is really one of the arms of the male octopus. 
Finally, in 1894, Kacovitza’s observations on 
the mating of the octopus completed the con- 
firmation of Aristotle’s description. 

Aristotle’s knowledge of fishes is another 
aspect of his work that has aroused the ad- 
miration of commentators. For example, 
his description of the various types of car- 
tilaginous fishes, that is to say, the sharks 
and rays, was a real achievement. He knew 
that some sharks lay eggs and that in some 
the eggs are retained in the oviduct of the 
female until the young fish are ready to 
fend for themselves. Until it is able to 
capture food an embryo shark lives upon 
the yolk stored in the egg ; this yolk is con- 
tained in a sac, the yolk sac, which is at- 
tached to the intestines of the embryo by a 
long stalk, called the yolk stalk. Aristotle 
knew this, and he knew, further, something 
that zoologists did not generally know un- 
til 1840. He tells us that in the smooth 
shark the young develop with the yolk sac 
attached to the wall of the oviduct, *‘so that 
as the egg-substance gets used up, the em- 
bryo is sustained to all appearances just as 
in the ease of quadrupeds.” In other words, 
Aristotle recognized the placental character 
of this union of the yolk sac with the oviduct 
or uterus. At the point of contact the em- 
bryonic and maternal tissues are highly vas- 
cular and inter-folded so that an inter- 
change of substances between mother and 
fetus becomes possible. Such an arrange- 
ment is now called a yolk-sac placenta, to 
differentiate it from the type of placenta 
found in mammals. In some mammals, 
however— the horse, for example — ^a yolk- 
sac placenta essentially similar to that of 
the shark’s is found in addition to the usual 
type. 

Aristotle’s observation of the yolk-sac 
placenta of the shark was confirmed by the 
great Danish scientist Niels Stenson in 
1675, whose description was published in a 
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relatively obscure journal, the Acta medica 
et pJulosophica published at Copenhagen. 
Buried there, Stenson’s contribution was 
completely overlooked, and it was not until 
1840 that Johannes Muller again called at- 
tention to Aristotle’s original description 
and confirmed it by his own investigations. 

As an embryologist, I am naturally in- 
terested in Aristotle’s account of the de- 
velopment of the chick. I shall not tire you 
with an analysis, but say merely that it is 
the work of a really acute observer and a 
highly creditable achievement. 

There is no time to continue this sketch 
of Aristotle’s knowledge of fact, nor can I 
discuss in detail his attack on the major 
problems of zoology. He did think wisely 
and soundly about many of the fundamental 
issues; but obviously it would be stupid to 
expect solutions of them, or twentieth cen- 
tury analyses, from an author who lived so 
close to the very beginnings of scientific en- 
deavor. We are still working at the answers 
to almost all of them. 

One of Aristotle’s theories, however, shows 
so clearly what B. S. Russell calls the “sheer 
intellectual power” of the man that I cannot 
pass over it. That he was able to formu- 
late, in the necessarily imperfect state of his 
own knowledge, a theory of development 
that conforms closely to our modem point 
of view is, I think, noteworthy. He rejects 
the idea that the embryo is preformed from 
the moment of conception and argues bril- 
liantly that the parts of the embryo are only 
gradually evolved as development pro- 
gresses. This so-called doctrine of epigenesis 
is usually associated with the name of Wil- 
liam Harvey, the discoverer of the circula- 
tion of the blood, but Harvey obviously was 
indebted directly to Aristotle. 

And now a word about Aristotle’s meth- 
od. The biological treatises reveal a com- 
plete shift of emphasis in contrast to the 
others. In his earlier works Aristotle em- 
phasizes the deductive, syllogistic approach 
to knowledge, but in his biological works 
he stresses the basic importance of observa- 
tion, of observation as the starting point 
in the acquisition of knowledge. This change 
, ^-empha^ has often been overlooked. The 
fipfc.of his tibree gr«it zoological works, the 
ammHdmm, is essentially descrip- 


tive in character, dealing primarily with 
the material cause; the second, the De par- 
tibus animalium, elucidates the final cause, 
the good purposes displayed in the structure 
of animals; while the third, the De genera- 
tione animaUum, is a treatise on the efficient 
causes of development, the forces which 
bring animals into being. 

It is interesting to notice how this em- 
phasis on observation and this general plan 
of treatment infl.uenced later writers. Galen, 
for example, teaches as an invariable rule 
that one should dissect and describe before 
attempting to ascertain the action or the use- 
ful purpose of an organ. In his works on 
anatomy and physiology, Fabricius in the 
sixteenth century invariably stresses the im- 
portance of the same order of treatment and 
cites Aristotle and Galen as his models. Sir 
William Harvey, the pupil of Fabricius, 
quotes Aristotle as his authority in urging 
observation and admonishes us to trust noth- 
ing but our own eyes, to accept nothing not 
“securely bottomed by the faithful testi- 
mony of our own senses.” “It is unsafe 
and degenerate,” he says in the Preface to 
his Anatomical Exercitations in 1653, “to be 
tutored by other men’s commentaries . . . 
when the book of Nature is so open, and 
legible. The ancient philosophers went quite 
a contrary way to work, and by in defatig- 
able [sic] toile . . . have set up a clear 
light to direct our studies. So that what- 
ever notable and approved thing we have in 
philosophy, it all is derived to us by the 
pains and industry of ancient Greece.” And 
he further teUs us that “in chief, of all the 
ancients, I follow Aristotle.” 

Now, I am no philosopher. I cannot argue 
for or against the validity of observation as 
the basis of scientific procedure. I only 
know the feeling of most present-day work- 
ers. If they were questioned, I am sure that 
they would, almost to a man, rightly or 
wrongly, scientifically or unscientifically, 
urge observation as the indispensable ap- 
proach. And I know that it is easy to trace 
this emphasis on observation back through 
the years to the seventeenth and sixteenth 
centuries when many men thought, rightly 
or wrongly, that in urging observation 
they were following in Aristotle’s footsteps. 
Thence the path follows back to the resto- 
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ration of Aristotle to "Western Europe in the 
late Middle Ages. 

In physics Aristotle’s standing is not 
high ; mathematics he virtually ignored. 
But, even in these connections, I wonder if 
too much has not been made of the so-called 
revolt against Aristotle — of the revolt of 
Q-alileo, for example, of whom J. H. Randall 
says, “in method and philosophy if not in 
physics he remained a typical Paduan Aris- 
totelian.” Francis Bacon justly attacked 
Aristotle’s reverence for final causes, and 
his vision of a science based on experiment 
is a noble one. But listen to Bacon’s state- 
ment in the Sylva Sylvarum: “Aristotle,” 
he says, “giveth the cause, vainly, why the 
feathers of birds are of more lively colors 
than the hairs of beasts, — ^for no beast hath 
any fine azure, or carnation, or green hair. 
He saith it is because birds are more in the 
beames of the sun. . . . But the true cause is 
that the excrementitious moisture . . . pass- 
eth in birds thru a finer and more delicate 
strainer than it doth in beasts ; for feathers 
pass thru quills, and hair through skin.” 
Hardly an improvement on Aristotle’s ex- 
planation ! 

It is, as both Olschki and Randall have 
noted, probably a mistake to accept at face 
value “the estimate the pioneer thinkers of 
the sixteenth and seventeenth centuries 
made of their turning away from the herit- 
age of the past.” 

I have dwelt on Aristotle as an example 
of a thinker whose interests embraced aU 
knowledge. But I realize full well that we 
can never return to the day when a man 
could have respectable competence in a 
great number of fields. "W’e cannot revisit 
yesterday, or ask even the fleeting moment 
to delay. Knowledge has grown too vast for 
one man to digest it all, and a minute knowl- 
edge of one field, indeed, of even a small 
corner of one field, is often difficult, some- 
times impossible, to master. 

Specialization can be, however, and has 
been, in some instances, carried too fax and 
without tangible profit to the individual or 
to science. As in the past, catholicity of 
interest even today has its values. 

I like to think of those physicians who 
in the fifteenth and sixteenth centuries did 
so much to restore the great texts of ancient 


learning to the enjoyment and profit of 
man — of Linacre, for example, the physician 
of two Henrys, "WII and VIII. He was one 
of the first English physicians to study at 
Padua, the great stronghold of Aristotelian- 
ism. It is said that the noble Aldine Editio 
princeps of Aristotle was, in part at least, 
edited or corrected by him. "When he re- 
turned to England he taught Greek and 
practiced medicine at Oxford. More and 
Erasmus were his students and so were two 
children of Henry the uxorious. He trans- 
lated much of Galen into Latin. He was a 
distinguished grammarian, and Puller, the 
historian, says that it “is questionable 
whether he was a better grammarian or 
physician.” His masterpiece, the De emen- 
data structura Latini sermonis, has been 
called “the first-fruits of English erudi- 
tion.” But Milton says, “Though very 
learned it is thought not fit to be read in 
schools.” What an apt characterization of 
some contemporary texts! 

Coming down the years, and ignoring 
many I might recaU to you, I think of Al- 
brecht von Haller, the great eighteenth- 
century Swiss from whose facile pen poured 
the first modern textbook of physiology ; dis- 
tinguished works on anatomy, surgery, em- 
bryology, and botany; bibliographies that 
are models not yet superseded; and finally, 
poetry that is stiU admired, for editions 
stiU come from the press. 

In our own day there was Sir William 
Osier, Professor of Medicine at McGill, 
Pennsylvania, and Johns Hopkins, and from 
1905-19 Regius Professor at O^ord. He 
was the author of one of the first literate 
textbooks of medicine, and the world was 
amazed that a physician could write the 
English language with lucidity and grace; 
amazed when he introduced into his discus- 
sion of tuberculosis the parable of the Sower, 
or quoted Sir Thomas Browne, or showed 
in any small way that he was familiar with 
something more than the bare bones of tech- 
nical literature. And is that amazement not 
in itself significant ? Osier loved the literary 
classics, was himself learned in them, and 
in 1918 was honored by election to the presi- 
dency of the Classical Association of Great 
Britain. Throughout his life the Beligio 
Medioi of Sir Thomas Browne was a constant 
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companion, and the copy he had bought as 
a boy was placed in his hands when his re- 
mains lay in state. In his essays he never 
ceased urging physicians to consult with 
the great minds of the past while they them- 
selves pressed forward. Bis methods of 
medical teaching were unquestionably re- 
sponsible for the reform which began to 
affect our medical schools shortly after 1910. 
His beneficent influence still persists, and no 
doubt lies back of the emphasis the officials of 
our medical schools now rightly place on 
broad cultural training in preparation for 
medicine. But, alas, they think that culture, 
so-called, can be acquired from formal 
courses in college 1 And, alas, too, they do 
not realize that they must themselves set an 
example. The teacher says, ‘ ‘ Look at Osier. ’ ’ 
And the student, too often, unfortunately, 
can reply, “Yes — ^look at Osier. But you, 
dear teacher, axe not an Osier, and yet, by 
specializing narrowly, you have acquired a 
f«c larger share of this world’s goods than 
he. Eomor says that you clean up an ap- 
palling sum in private practice, and this 
advice to shun the fleshpots, to cultivate the 
gardens of the soul, comes iU from you.” 

And in the so-called pure sciences a teacher 
who admonishes his students to acquire even 
so elementary and useful an accomplishment 
as ilie ability to read a modern foreign 
language without too frequent recourse to a 
dictionacjr is, as likely as not, met with the 
retort I “Look at Professor Qnmma. He 
f ^afds Prench and Herman with, to put it as 
toidly B4 possible, the greatest of difficulty — 
i hftow, because I took my language exam for 
doctorate from him— -yet he is respected 
^ tim IvOdd’S greatest authority on the 
craniali nyerve of OrnilhorynchuB.” 

liJow obe reply without transgressing 
ethics t 

^bm^inchog the modern gradute student 
pf j(i8|*s aay) hislwlogy how important an 

e gSma ktsowledge might be, or 

(4Uolog^ along with 
takes a deal of pm^ 


sistenoe, even bravery, under present circum- 
stances. And, yet, I think we scientists must 
begiu to teach in our classrooms respect and 
sympathy for those disciplines that now are 
often regarded as foreign to our interests. 
We must do it by calling upon philosophy, 
history, and literature where they impinge 
upon our work. I know of no department 
of science where such treatment would not 
stretch the vision and deepen the under- 
standing. 

And now, dear humanistic scientists, how 
about a little natural science in your class- 
rooms? How about the history of science? 
How about some Hippocrates, Aristotle, and 
Galen iu Greek? How about some Latin 
from the scientists of the sixteenth, seven- 
teenth, or eighteenth centuries; iu French, 
some of Pascal’s scientific, in addition to his 
purely literary, works; or iu German, let’s 
say tile autobiography of Karl Ernst von 
Baer? I think I know at least two good ob- 
jections you may raise — ^laok of time and the 
lack of literary merit in some of the works I 
mention. But can you not compromise? 
It would, I think, bo for your good as well as 
ours. 

This war is going to send oux young people 
back to you in larger numbers than of late. 
They are going to return to you surfeited, 
sick unto death of technological and scienti- 
fic detail. They will, many of them, thirst 
after the good things, the human values, you 
can offer them. There lies the chance you 
may seize to the everlasting benefit of us aU. 
In this modem world, however, no man can 
well get along without an awareness of the 
great technological and scieutific advances of 
our age. We must work together to destroy 
the fence that has, to oux common disadvan- 
tage, kept us apart, or at least provide 
friendly and inviting portals through it. It 
is for us both to show the student that the 
humanistic and natural sciences togethex 
f oxm a part of the heritage he ought to em- 
brace iu justice to himself and for the good 
of the world. 



MIRACLES? . . . MAYBE 


By L. H. WOODMAN 


' ^ Plastics will revolutionize living. ’ ’ “A 
miracle age of plastics is just around the 
corner.^’ ^‘In the plastic world ahead many 
common metals will become obsolete.’’ 

"Whether such statements, which are un- 
fortunately typical of many seen and heard 
from day to day, represent an attempt to 
startle the publici mind to attention through 
the inherently magnetic power of the fan- 
tastic, or simply misguided over-enthusiasm 
is a moot (piestion. It is certain, however, 
that they do not represent the real opinions 
of sound-thinking designers and engineers, 
nor oF the dozen or more reputable companies 
winch are now supplying the major portion 
of the plastic materials being produced in 
this country 

First of all let us see what plastics are and 


from whence they come To the average in- 
dividual the term may well bring to mind a 
gadget purchased in a variety store, a piece 
of costume jewelry, or the streamlined cabi- 
net of a small radio. He does not necessarily 
associate the term with high quality ; in fact 
he may well regard articles made from plas- 
tic as ersatz — something to be worried along 
with until more common materials are once 
more obtainable. He has, however, been 
quite thoroughly educated to exjieet that in 
the months following the war a host of new 
materials, little short of miraculous in their 
beauty and qualities, will make their 
appearance. 

To the chemist, these materials, which for 
the most part have their origins in coal, pe- 
troleum, brine, or vegetable fibers, represent 
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PLASTIO-OOVEREI) CHAIB 
SAHAN RATTAN AND FABRICS FROM FINER FILAMENTS 
PROVIDE DURABLE UPHOLSTERY FOR MANY PUBLIC USES, 

a fraitful field of exploration for years to 
come — field holding great promise both for 
the improvement of formulas and methods 
for making existing plasties and for the dis- 
covery of synthetic materials not yet envi- 
sioned by even the most imaginative (shemist. 
This is apparent partially because many 
plastics are polymers. 

Polymerization is a term applied to the 
linking together, in a definite pattern, of two 
or more molecules of a substance (monomer), 
resulting in a chemically identical but phys- 
ically different substance. Since each poly- 
mer containing a different number of mole- 
cules in linkage, or perhaps the same number 
of molecules but linked in a different pattern, 
may possess unique properties, it is seen that 
literally millions of such polymers are pos- 
sible, This does not mean, however, that 
millions of plastic materials are conceivable 
or possible, but it does indicate the field of 
exploration which is open to the chemist. 

Commercial development of these poly- 
mers has been partially a matter of deter- 
mining what stimulus was responsible for a 
parldeular type of polymerization and of 
learning to control tl^at stimulus so that the 
pfete polymer would result each time it was 
The Stimulus wy be temperature, 


ligJil, ])rcssurc, various catalysts, or a eom- 
biuatioii of several [‘a<*tors. 01* even greater 
importaiu'e lu this develoi)nient has been the 
aehievemeiit of consistent purity in the mono- 
mers from whieh these iiolyniers are derived 

Other plastic materials result from the 
compounding of two or more chemical sub- 
stances under certain conditions, and here 
again is a broad field For future development 

While plastics as stnudural materials are 
relatively new, crude or impure Forms of 
some of th(‘sc resins have been laboratory 
curiosities for many years. For example, 
the history of the viuylidene chloride poly- 
mers dates ba(dc as far as 1838 when a chem- 
ist named Reguault re])orted the formation 
of a white, nonerystalline precipitate from 
a liquid boiling between 35 and 40 degrees 
Centigrade, The li<piid was apparently an 
impure dicliloroethylene. 

Later, about 1872, other experimenters 
found a similar substance which polymer- 
ized in light to a white, amorphous mass, 
which was found to be insoluble in many 
solvents. Extensive work on these polymers, 
however, has been limited to the last decade, 
and this family of resins known as Baran 
was not introduced to the plastics industry 
until 193!). 

A similar history is found in the case of 
crystal -cl ear polystyrene. The styrene 
monomer was first isolated in 1831, having 
been produced from the distillation of a puri- 
fied form of balsam known as storax. Its 



TBANSLTJOENT SAMAN TUBING 

ADVANTAGES OF THIS TUBING OVER COPPER AND OTHER 
TYPES ARE FLEXIBILITY AND CHEMICAL RESISTANCE. 



MTEACLES? 

thermo-polymerization in the presence of 
sunlig'ht was noted some ei^ht years later, 
but it was not until 1869 that the ethyl ben- 
zene process for making* styrene was discov- 
ered by the French cliemist, Bei’thelot. 

The first recorded patents disclosing pos- 
sible uses of styrene were granted in 1911 
to F. E. Matthews of London, who observed 
the excellent insulating qualities of polymer- 
ized styrene. ’In the succeeding years poly- 
styrene molding powders gradually gained 
popularity in Europe. In 1937 The Dow 
Chemical Company introduced Styron, a 
high purity polystyrene, in this country 
after years of intensive research in develop- 
ing a controlled production process which 
assured uniformity and overcame certain 
other major obstacles that had held back the 
commercial development of these resins. 

Such case histories are by no means rare 
among these so-called new plastic materials. 
Like many modern chemical finds, they have 
resulted in their prcKseiit form not from sci- 
entific hocus-pocus or chance discovery, but 
rather from the painstaking, but imagina- 
tive, research of several generations of 
scientists. 

That the prodmd. of such efforts in many 
cases should have been introduced to the 
public in the form of trinkets, or in appli- 
cations where the properties of the plastics 
could not be fully utilized, is somewhat regret- 
table. Polystyrene, for example, is one of 
the most efficient organic electrical insulators 
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UNAPEEOTED BY ACIDS 

THE LADLE BEING USED IS MADE OF S AIRMAN} ONE OF 
THE MOST CHEMICALLY-RESISTANT OF ALL PLASTICS. 


ever discovered. This property alone is of 
vast importance to radio, power, telephone, 
and allied fields. But it has many other ad- 
mirable characteristics. It is among the 
lightest of all plastics, having a specific 
gravity of only 1.06. It does not absorb 
Avater and is highly resistant to most acids 
and alkalies. It can be produced in all colors 
of the rainbow or in such crystal clarity that 
optical lenses are being made from it. 

Obviously, polystyrene makes an exquisite 
string of beads or a beautiful lamp base, and 
there will be plenty for such uses, but its 
characteristics portend many more important 
applications. It will add beauty to our lives 
through purely decorative functions, but it 
has a far greater destiny in adding safety, 
comfort, and convenience through applica- 
tions that will be less apparent but more 
fundamental in their importance. The sty- 
rene monomer itself is at present a vital com- 
ponent of Buna S, a synthetic rubber. 

So it is also with Saran. This versatile 
family of resins appears in an amazing num- 
ber of forms — as a chemically-resistant black 
pipe, or a yellowish, translucent, flexible tub- 
ing ; as a clear, tough, moistureproof film ; as 
a spongy, rubberlike substance that may in 
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HYGIENIC SARAN INNERSOLES 

MADE OF LAYEBS OP SCREENING WELDED OR SEWED AT 
EDGE, THEY ARE RESILIENT, NONABSORBENT, WASHABLE. 


the future be used for shoe soles, tubing, per- 
haps even tires or inner-tubes ; as a colorful, 
moisture-resistant, long-wearing fabric ; as a 
Tarietr of molded or extruded shapes; as a 
flexible screening material that will neither 
rust nor corrode. 

Like polystyrene, Sarayi has its decorative 
applications. Before the war, belts, sus- 
penders, and other clothing accessory items 
w^ere woven from colorful monofilaments of 
the material. As a matter of fact, Saran 
made very good belts and suspenders, but its 
properties cast it in far more vital roles. 
Since is it one of the most chemically -resis- 
tant plastics, it will be widely used in forms 
such as pipe and tubing to replace copper, 
steel, iron, and other metals in a host of in- 
dustrial applications where chemical action 
upon the metal has previously made frequent 
replacement necessary. As a film it now 
protects machine guns against damage by 
moisture during shipment; in the future it 
will lend this protection to foodstuffs, cloth- 
ing, metal parts^ and equipment for civilian 
wm. As a synthetic rubber it may find 
toady acoeptanee for use under conditions 
deteriorate natural rubber rapidly. 
^&brie it will lend excep- 


tional wearing qualities to upholstery ma- 
terials for automobiles, theater seats, bus and 
train seats, and other installations where ex- 
cessively hard use is encountered. As a 
screening material it will add beauty, clean- 
liness, and convenience to the home, factory, 
or public building. 

These are thumbnail sketches only, and 
when it is remembered that there are already 
more than a dozen basic plastic materials of 
proven worth, many of which have multiple 
applicative personalities, the tremendous 
scope of these products of chemistry may be 
appreciated. If we attempt to say, however, 
that plasties will completely revolutionize 
living, speak of them as ‘'miracle’^ materials, 
or suggest that common metals will become 
obsolete, we are making bold and probably 
fanciful predictions. For countless uses the 
older materials will continue to remain the 
most suitable, and only where a plastic can 
prove itself more advantageous than any 
other material can it hope to gain and 
maintain precedence in the field of public 
acceptance. 

Plasties are not cure-alls or all-purpose 
materials any more than are wood, glass, 
leather, or steel and other metals, and they 
are subject to the vsame tests of worth. In 
considering a plastic as opposed to a non- 
plastic material, and in selecting from the 
many types of plastics available, the indus- 
trial engineer must ask the same time-tested 
questions : What is the cost of this raw ma- 
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INSECT SCREENING WOVEN FROM SAJRAX MONOFILAMENTvS 

IT IS LIGHT. HIGHLY FLEXIBLE. RESISTANT TO CHEMICAL FUMES AND SALT AIR AND TO ATTACK BY FUNGI. 


terial? What will be the cost of fabricat- 
ing it into the finished article? Are there 
complicated production factors involved? 
To what extent will the use of this material 
necessitate the installation of ne^v and ex- 
pensive equipment or involve the acquisition 
of specially trained men ? And finally, will 
the finished product, made from this ma- 
terial, be a better product for its intended 
use than a similar one made from another 
material ? Or will it be equal in quality and 
performance and still enjoy advantages in 
the way of production economies ? 

These questions might be said to represent 
simply the major titles of the examina- 
tion. ^ ' Within them are hundreds of minute 
technical questions. The acceptance or re- 
jection of a particular plastic, or of plasties 
as a group, depends upon a careful weighing 
of the answers. Failure to consider all points 
involved, and in proportion to their relative 


importance, may vrell result in an embarrass- 
ifig misapplication of a very worthy material. 

Many plasties, for example, lend them- 
selves well to the injection-molding process 
of fabrication. This automatic or semi- 
automatic process is an extremely economical 
production method. Plastic material is in- 
jected, through a mouthpiece or jet, into a 
set of dies. The dies are so made that from 
one to a dozen or more pieces may be molded 
at a single ^‘shot,’’ and sevei'al sets of such 
dies may be mounted in a revolving turret, 
so that while the molded pieces are being 
ejected from one set, the plastic is being in- 
jected into another set With such equip- 
ment the production of several hundred 
small parts per minute is readily accom- 
plished. 

In the’ face of such production economies 
it is apparent that there may well be some 
temptation to utilize plastics in applications 
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USING A PLASTIC CANTEEN 

MADE OP ETHYL CELLULOSE, THIS CANTEEN IS LIGHT, 
ODORLESS, TASTELESS AND WITHSTANDS HARD SHOCKS. 


for wMeli they are not ideally suited. Cor- 
rectly applied, however, these production 
economies open the door to a host of low-cost 
plastic articles which will equal or exceed 
in beauty, utility, and performance similar 
products made from more costly materials or 
by more expensive methods. 


While war necessity may have forced cer- 
tain plastics into applications where their 
performance is by no means exceptional, it 
is at the same time serving as a gigantic and 
stern proving ground for plasties of all tj^pes. 
A number of plastic materials have for some 
time occupied a position akin to copper, 
brass, steel, and other metals on the nation’s 


‘^critical” list. With the broad range and 
exacting requirements of military plasties, 
the knowledge and experience being gained 
today should leave little doubt in the minds 
of those associated with the industry as to 
the correct and incorrect applications of 
most of these materials It will be the func- 
tion of these men — ^the responsible manufac- 
turers, designers, and engineers — ^to use this 
knowledge wisely in building the postwar 
plasties industry upon the substantial foun- 
dation of fact rather than on fancy and 
fadism. 

These men know that plasties, properly 
applied, are truly amazing materials. But 
they also know that there never has been, 
and never will be, a material perfect for all 
purposes. Under competent development 
plastics are already graduating from the 
gadget stage into their rightful position as 
tools of industry and science in their con- 
tinuous progress toward a better and higher 
plane of material civilization. 

Miracle materials? Yes — ^if steel, glass, 
and cotton are also miracles. Each must 
have seemed equally miraculous when tech- 
nology first brought it into view Revolu- 
tionize living? Probably to a considerable 
extent, but not necessarily in the spectacular 
manner that nianj^ People have been led to 
expect — at least not immediately after the 
war. Widely assorted plastic articles should 
be available in plenty, but the more spec- 
tacular proposals — plastic auto bodies, plas- 
tic houses, plastic flhwer airplanes — if they 
come, will develop more slowly. Meanwhile, 
plastics will play their more vital role behind 
the scenes through industrial applications 
that will constitute unseen but determining 
factors in our evolution toward better living. 



THE FORBIDDEN LAND^ 

By MARY ELLEN GOODMAN 


For the nomadic peoples of Tibet, life is 
chiefly regulated by the character and poten- 
tialities of their domestic animals. Their 
herds include sheep, long-haired goats, horses, 
and yaks. All save the last prefer to feed 
on grass in the stream bottoms; the indig- 
enous yak wanders up the hill slopes after 
moss. He is a slow feeder and, when utilized 
as a pack animal, must be freed at night ; as 
C. Suydam Cutting has remarked, the yak 
must be allowed to wander at will, with the 
result that a good two hours must be spent 
in the early morning in collecting the yaks 
and loading them before a caravan can 
move.’’ Although much slower than the 
horse — ^lie travels about two miles an hour — 
the yak is ideally suited to the region because 
of his heavy coat and his ability to feed en 
limited materials and to carry packs of as 
much as a hundred and seventy pounds. In 
western Tibet sheep and goats are also util- 
ized as pack animals. They carry twenty to 
twenty-five pound loads and may be slaugh- 
tered at the end of the journey. 

The pastoralist moves with his animals 
when pasturage is exhausted and when 
seasons change. Maximum summer tempera- 
tures allow him to move north and west and 
to higher elevations, while with the dropping 
of the temperature he works his way down 
until in mid-winter, with his grain supplies 
nearly exhausted, he makes his way to Lhasa 
or another urban center where he may stay 
during the most bitter weather. Lhasa and 
Shigatse are the chief centers of trade in 
central Tibet ; Cham-do, Tye-kun-do, Der-ge, 
and Ta-chienlu in eastern Tibet. According 
to F. Spencer Chapman, “These swarthy, 
independent-looking people come down (to 
Lhasa) from Amdo, Golok, the high, desolate 
Chang Tang, and the far Mongolian border. 
Many of them bring herds of yak and sheep 
with them, carrying loads of wool, salt 
(which they collect from the shores of the 
great brackish lakes) , and yak dung. ’ ’ They 
may also bring hides, yak tails, butter 
(packed in animal gut) , borax, musk, and the 

* Continued from page 356. 


horns of a certain deer. They make their 
pilgrimages about the city, pay their respects 
at the shrine of the last Lama, and perhaps 
perform more arduous devotions; buy a 
year’s supply of barley, wheat, tea, peas, 
woolen cloth, a few turnips and radishes; 
and enjoy the blandishments of urban life 
for a time. Even the Golokpas, who are said 
to be professional brigands in their own dis- 
trict, periodically issue forth and go peace- 
ably and unmolested to trade in other areas. 

Trade of this seasonal and individual vari- 
ety is conducted in small awming-eovered 
stalls set up along the streets and open gen- 
erally only in the morning. Transactions are 
said to be completed by hand signals, pres- 
sures, and so on, inside the long sleeves of 
the negotiators. The bargain is sealed with 
good wishes all around. Though there is a 
regular mercantile class of full-time special- 
ists, every one engages in trade occasionally. 
The nobility have commercial agents who go 
to Peking, Mongolia, and India to buy them 
rare and valuable things; the large monas- 
teries trade widely ; and the government has 
many “purchasing agents” throughout Tibet 
and in foreign parts. 

While trade between Tibet and the “out- 
side” is, by western standards, on a small 
scale, it is essential to Tibet. Hides and wool 
are the chief exports, while in eastern Tibet 
clarified yak butter is sold in large quantities 
to the Chinese. Borax, yak tails, salt, musk, 
ponies and mules, medicinal herbs, and gold 
dust also pass beyond Tibetan borders. Im- 
ports from China are, primarily, tea (four- 
teen to fifteen million pounds a year being 
consumed) and, secondarily, silks, satins, 
brocades, cotton goods, dyes, matches, but- 
tons, and rare foodstuffs. Imported from 
India are cotton goods, woolens, hardware, 
coral, precious stones, tobacco, Homburg hats, 
dried fruits, sugar, molasses, and miscellane- 
ous domestic utilities such as matches, 
needles, and soap. From Nepal and Bhutan 
comes rice. Two caravans a year pass be- 
tween Lhasa and Mongolia, carrying out 
woolen cloth, incense, and Tibetan scriptures, 
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FIG. 11. WICKEEWOEK BRIDGE* 

SUSPENDED ACROSS A GORGE IN WESTERN TIBET. 


and bringing back Cliinese silver, some gold, 
silk, and ponies. Tibetans are said to excel 
as caravan men, being able to pack expertly 
and to make long marches through inclement 
weather- Sino-Tibetan trade tends to pass 
more and more by water, Tibetan products 
often being floated down the Brahmaputra 
and other rivers (Fig. 11) to trade centers. 

A part of Tibetan trade, both domestic and 
foreign, is in terms of cash, but payment in 
labor or commodities is still the rule, particu- 
larly within the domestic economic system. 
A landed proprietor will employ shepherds 
to look after flocks, wtieh may amount to 
20,000 sheep, under an arrangement that one 
lamb must be yearly added to the flock for 
every three sheep. Any deficiency must be 
made up, and any excess becomes the work- 
er’s profit. In addition, the owner supplies 
a Ein^ salary and salt for the sheep. Under 


> created are repro- 
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another form of tenure the owner may 
specify amounts of yak butter, yak hair, and 
cheese to be produced per year, the excess 
being retained by the tenant. A iiroprietor 
may ^*let” the whole of an estate, the “les- 
sor” taking subtenants who may pay him a 
fixed yearly sum in cash or grain, or who 
share equally with him the rent and the 
profits. The shepherd usually does not ren- 
der unpaid services unless he combines farm- 
ing with herding Government revenues are 
paid in commodities or cash, usually in the 
former. Taxes are fairly heavy, and the gov- 
ernment may requisition supplies (as ani- 
mals and porters for officials and others on 
government business) and levy extra taxes 
in ease of war or other emergency Further- 
more, noble families must supply two mem- 
bers for government work on nominal salar- 
ies or pay for a substitute. The taxes of a 
great family amount to nearly half its in- 
come. In ease of need, however, mortgages 
on land and loans of cash or commodities, 
providing by contract the terms of repay- 
ment and interest, are made by the govern- 
ment, by individuals, or by the large mon- 
asteries. 

While the tenant system implies frequent 
indebtedness and powerful ties of depen- 
dence upon the landlord, slavery is theoreti- 
cally absent from Tibet and the employer- 
employee relation holds. In the Ghumbi 
valley, where great prosperity has resulted 
from the passage of about half of the Tibeto- 
Indian trade, the natives employ servants 
from the interior to drive mule caravans and 
to perform household tasks. Wages paid are 
about twice as high as elsewhei’e. Landed 
proprietors maintain large servant staffs oc- 
cupied not only in agriculture and grazing 
but also in spinning and weaving, in x^ersonal 
service, household tasks, and so on. House- 
hold servants are said to receive no wages. 
Where the “lord” commercializes fairly in- 
tensively on a given product, the “factory” 
may be a separate establishment on the estate 
in which live both male and female workers. 
They may devote all their daylight hours to 
their task, in return for which they receive 
board and lodging and a salary of one or two 
cents a day. On the large estates head farm- 
ers and herdsmen collect dues from their fel- 
lows and see that the landlord is supplied 
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with riding and transport animals when 
needed. 

Tenants and servants thus stand m a posi- 
tion of heavy dependence upon the landed 
gentry. Social and economic dominance are 
exercised by the priestly and the noble 
classes, to whom the subordinated look for 
the services traditionally associated with 
their status. Nobles share with priests the 
higher administrative posts. The former in- 
herit their prerogatives and, while wealth is 
generally concomitant, it is not necessarily 
so. Nobles are strictly defined as descendants 
of (1) an ancestor ennobled for a special 
service to the country, (2) a family in which 
a Dalai Lama or a Tashi Lama has taken 
rebirth, or (3) one of the earlj^ nionarehs 
Special titles are occasionally awarded for 
special services. Sons of landed gentry and 
nobles usually enter government service, but 
important lay officials are generally selected 
from a few ancient and noble families. Only 
in the monasteries do all men stand a fairly 
equal chance of achieving marked elevation 
of social status. 

The Supreme Council of Tibet, composed 
of one priest and three or four laymen, exer- 
cises the highest governmental powers under 
the Dalai Lama or his Regent. There are, 
below this group, six grades of public offi- 
cials. The government maintains two lists 
of officials, one lay and one ecclesiastic, each 
of about one hundred and seventy-five names. 
To enter the secular side a boy must first be 
apprenticed in the Finance Office where he 
receives training in accounting and the social 
intricacies of official correspondence. At 
about twenty he may receive his first public 
appointment, probably to become a Dzong- 
pbn of some little town which he never sees 
but governs through a deputy. As such, he 
is responsible for a district, supervising the 
collection of its revenues and the mainte- 
nance of order. After two or three years he 
may become a judge, deciding both civil and 
criminal cases and residing in one of the 
large towns. Subsequent promotions may 
ensue, the eventual office reached being de- 
pendent upon the usual multiple factors, 
purchase of power being not unknown. 
Nobles may exercise regulatory powers and 
inflict punishments upon their tenants and 
dependents within a rather wide range and 


m proportion to their distance from Lhasa^ 
though in theory government permission 
must be granted before drastic action is 
taken. The aristocracy is scattered over the 
country, but its greatest concentration and 
power are found in central Tibet. 

The priests act as a check upon the power 
of the nobles, and many of them are capable 
and strong-willed self-made men. If a boy 
is physically weak-, if he gives evidence of 
unusual spiritual powers, or if the family is 
large and eager for the potential spiritual 
and material advantage to be gained, a 
youngster of three or four may be designated 
for the priesthood. Certain ceremonies 
mark this decision, after which the child 
may, if unusual, begin his studies immedi- 
ately. He will usually remain at home until 
the age of six or eight. Having studied 
hard, learning to read and write, and mem- 
orizing vast masses of scripture, he may 
become a ^‘clerical apprentice by the age of 
sixteen, and an under-priest at twenty. Hav- 
ing successfully passed an examination, he 
will reach full priesthood and his functions 
thereafter will depend upon his special abili- 
ties and interests, the sect to which he be- 
longs, and so on. Sects are many ; there are 
perhaps twenty sub-orders and orders, of 
which about four are truly powerful. Tibe- 
tan Buddhism is descended from a much 
modified form of the faith, namely, Tantrik 
Buddhism, which reached Tibet from north- 
ern India in the eighth century a.d. and led 
to the ‘‘x'ed-hat^’ orders of the priesthood. 
The ‘‘yellow-hat” orders were a reform 
group of later establishment and the sub- 
orders of still later origin. The spirit of the 
founder of the yellow-hat orders was held 
to have passed into a child born at about the 
moment of his death, and the modern Dalai 
Lama succession was so begun. The title, 
meaning “The All-embracing Lama, the 
Holder of the Thunderbolt,” was given by 
the Altai! Khan to the third of the line. The 
title of Dalai Lama is held in turn by each 
head of the yellow order. 

The Dalai Lama exercises greater power 
and influence than any one else in the coun- 
try, for he is regarded as the Buddha's Vice- 
Regent on earth. His position in the regard 
of the people is, therefore, assured and to 
him is accorded not only great control over 
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FIG. 12. INAUGURATING TANOHU, 1940 

AT SIX THIS SON OF KUKU NOR SHEPHERDS WAS HAIIED 
AS THE FOURTEENTH REINCARNATION OF THE BUDDHA. 

laaterial affairs but the reverence due liis 
exalted incarnation. His spiritual power is 
nearly equaled, however, by that of the sec- 
ond official in the yellow-hat hierarchy. 
Dogmatic differences and keen rivalries be- 
tween the sects and orders exist, but they 
are based more upon temporal than spiritual 
factors, and all recognize the two dignitaries 
above mentioned as the loftiest incarnations 
of the divinity (Fig. 12). 

All the monasteries of the Gelugpa (the 
order of yellow lamas, as opposed to all 
othei*s, which are regarded as red) are ad- 
ministered by the Dalai Lama through an 
appointed leader in each district, under 
whom an appointed “ abbot directs each 
monastic establishment. This hierarchy 
holds in general for all the other orders as 
well, each of which has a head compai'able, 
in intra-order affairs, to the Dalai Lama. 
Under the abbot, in each monastery, are two 
classes of dignitaries, the one having charge 
of its temporal and the other of its spiritual 
administration. Such monasteries will accept 
for apprenticeship only superior children of 
good families. They are well fed and clothed 
wd, hy Tibetan standards, highly educated, 
in the ecclesiastic body there tend to 
advantage of efficient organiza- 


tion, discipline, quality, and, lastly, the 
weight of numbers. Grenard estimates 500,- 
000 for the country. 

There are approximately 3,000 monas- 
teries throughout the country, and each is 
advantageously situated for defense and is 
well armed (Figs 13-15). Around them are 
great tracts for agriculture and pasturage, 
worked by tenants who produce for their 
ecclesiastical masters not only foodstuffs but 
also px'ocessed articles such as woolen goods, 
jewelry, and pottery. They are masons, car- 
penters, smiths, millers, and caravaneers, and 
are essentially subject to the monastic juris- 
diction. The convents also hold accumulated 
treasures in gold, silver, and precious objects 
and receive innumerable beneficences, great 
and small. A bequest to the nearest convent 
comes from the inheritance of the deceased, 
the candidate for priesthood brings a dower, 
and every lama gives the convent part of his 
personal gains. F. Grenard, in Tibet and 
the Tibetans, remarks: 

For the lama is anything but a worthless asset. 
He IS ... a parish priest, a fortune-teller, a wizard, 
a doctor, an apothecary, a painter, a sculptor, a 
printer, a wiiter, a reader, a trader or a beggar; he 
sells little statues, prayei -wheels, books, lucky trink- 
ets, rosaries, indulgences in pills, prayers, formulas^ 
charms and amulets against all possible and impos- 
sible misfortunes, remedies, incantations and horo- 
scopes. When a man marries or dies, the lamas come 
in the gieatest possible number to assist bun, for 
cash, when he meets with misfortune, they charge 
foi driving away his bad luck; when he meets with 
good fortune, they charge for offering up thanks; 
when nothing happens to him, good or bad, they 
charge again for preventing things from beco m i n g 
worse I 

And not only for the individual and the 
family, do they perform such functions, but 
also for the community and the state itself. 
But not all monks are practitioners. Some 
take vows of seclusion and may incarcerate 
themselves for years from the sight of man. 
Nor are all, as is the rule of the majority, 
celibate. Great diversity and range exist in 
the priestly mode of behavior, and the lay- 
man, while very fond of criticizing irregular 
behavior of the monks, is nonetheless re- 
spectful of the power they hold. 

The complexity and diversity of Tibetan 
religious belief and practice are overwhelm- 
ing in scope. One can do no more than at- 
tempt to identify within the maze certain 
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FIG. 13 THE MONASTERY OF LABRANG NEAR TIBET 'S NORTHEAST BORDER 


familiar avenues of religious expression. 
At least, it is quite apparent that Tibetan 
Buddhism is a travesty on Buddhism as 
originally taught. It preserves the concep- 
tions of Karma and Nirvana, but the fine 
flights of abstract philosophy which charac- 
terized the original dogma are lost. From 
an abstract and noiipractical (in the mate- 
rial sense) philosophy and a noiitheistie 
religion, Buddhism has become in Tibet a 
sort of monotheism with an enormous sub- 
sidiary pantheon of deified saints,’^ living 
incarnations, demons, personal guardians, 
ghosts, and so on, all of whom can be induced 
to leave an individual alone or to assist him 
if he knows the proper mode of approach, 
conciliation, or appeasement. 

In all this there is ample evidence of mere 
elaboration of primitive Shamanism, the 
guardian-spirit belief, local owners and 
spirit plaeings, the association of the name 
with the soul, and even intermittent ancestor 
worship. There are indications of the abor- 
tive survival of animal sacrifice, the worship 
of household gods (in particular that of the 
hearth in association with the family and its 
continuity), the worship of gods of special 
function and those of local residence; even 


the celestial bodies play a part in this accu- 
mulation. ‘‘Mother Barth'' is not omitted; 
the gods of sky and air, of the elements and 
of the elemental forces, all are remembered. 

With all the multiplication of social, relig- 
ious, and economic units, classes, and func- 
tions, the paternal family remains the basic 
common unit through which is inherited, to 
a large degree, status and role, prerogative 
and occupation, and property both corporeal 
and incorporeal. Personal genealogy is care- 
fully preserved, and in theory all those 
united in blood recognize mutual responsi- 
bilities of assistance in times of crisis, even 
to the extent of exacting the price of the 
blood of a murdered kinsman. 

The conjugal pair is usually brought to- 
gether by the familiar intercessor, after 
much negotiating between the respective 
families under traditional conditions of gift 
exchange and ceremony The bride is cere- 
monially brought to her father-in-law’s house 
with etiquette sometimes suggestive of mock 
wdfe capture and with heavy emphasis upon 
the exchange of her old household gods for 
those of her husband's family. Actual wife 
capture is said to occur among the wilder 
nomads, while among the more sophisticated 
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FIG. 14. BUILDINGS OF LABRANG SHOWING ARCHITECTHRAL EMBELLISHMENT 


townsmen personal preference is given some 
consideration. Similarity of social and eco- 
nomic status and friendly relations between 
families appear to be the conditions basic to 
the arrangement of marriages. Elopement 
is not unknown, nor is it apparently severely 
punished. Among the very poor, the estab- 
lishment of a common residence by mutual 
consent of the partners and their declaration, 
with or without witnesses, may constitute 
marriage. 

Polygamy and monogamy are perhaps of 
almost equal frequency. The practice varies 
with local custom and the economic condi- 
tions of individuals. Among nomads monog- 
amy is said to be of high frequency, coupled 
with the practice of dividing the patrimony 
between the sons. Among peasants this prac- 
tice has practical disadvantages, fields and 
houses being le^ susceptible to subdivision 
than herds and pasturage. Hence, among 
peasants the frequency of polyandry may be 
m a possible solution to the proh- 
pf keeping property intact, for levirate 
'1?^^ eldest brother in this ease 


becomes the legal husband and father of the 
children, and upon his marriage he takes his 
father’s place as head of the family The 
younger brothers exercise equal conjugal 
rights, however, and act as ^‘proxies” for the 
head of the house in carrying on its business. 
Should the eldest brother die before the ma- 
jority of his eldest son, leadership passes to 
the second eldest. The position of younger 
brothers is that of owning, without having 
legal rights of administration over, the fam- 
ily property. All, however, are constrained 
to cooperate for the benefit of the family and 
the continuance of the line If he desires, 
the head of the house may take a second and 
third wife, an arrangement w’hicli offers 
advantages in supplying the younger broth- 
ers with wives. Where there is no male 
issue, the daughter’s husband may carry on 
the family line and take its name. 

There is said to be no legal divorce, and 
the marriage bond is apparently seriously 
regarded, but in all probability divorce by 
mutual consent is fairly easy. Barrenness, 
laziness, or flagrant adultery of the wife are 
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EIG. 15. A VIEW OF LABEANG, SHOWING THE GBEAT WHITE STUPA 


the chief causes of separation. The last, how- 
ever, is regarded as serious principally be- 
cause it threatens the purity of the family 
line. A close personal friend, an adopted 
brother, or a distinguished personage will be 
expected to lay claim to the favors of the 
lady of the house, since he and his host are 
regarded as sharing, temporarily at least, in 
the bond of brotherhood. 

Tibetans are said to be moderately prolific, 
but families are never large, due to the very 
high rate of infant mortality. There is no 
female infanticide, children of both sexes 
being greatly desired. Their education may 
be completely informal ,• it may be conducted 
by a village scholar and his head pupil, or 
by a private tutor. In any case it is likely 
to be limited to the three E’s’’ plus per- 
haps, among the wealthy, a little biography, 
history, and law (that is, moral precepts). 
An educated man in Lhasa is one who can 
write perfectly the complicated Tibetan 
script. While nearly all Tibetans can read 
a little, few can write. 


Social divei'sion in the form of games, 
drinking and smoking, singing and dancing, 
centers much about the family life. Tibetans 
are said to be much in the habit of singing at 
their work, whether singly or in groups. 
They employ a number of musical instim- 
ments: the Hindu guitar, the Jew's harp, 
the bamboo or bone flute, and the tambourine. 
Religious music further involves trumpets 
small and large, cymbals, conch shells, and 
drums of many sizes and varieties. Relig- 
ious dances employ elaborate masks, head- 
dresses, and costumes. In secular dances 
men and women may dance together, as may 
master and servant. 

Death is regarded as the release of the soul 
to a series of adventures which may result in 
its eventual re-entrance upon the ‘'Wheel of 
Life.” Little by little babies forget their 
past incarnations, and usually by the time 
they have learned to talk all memory of the 
past lives of the soul is forgotten. In rare 
instances this may not be the case, and so an 
important incarnation may be identified. 
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Disposal of the body is by exposure, in water, 
by burial, or by cremation The last is re- 
served for lamas and high officials; the sec- 
ond for the lowest of the social strata — those 
without family or means. The very highest 
lamas are embalmed. 

Though domestic economy and self-suffi- 
ciency within the family prevail in the pro- 
duction of essentials, the occupational spe- 
cialist is not unknown in Tibet. From the 
information available it is not always easy to 
determine whether specialization is full-time ; 
in the majority of eases one would guess that 
it is not. However, government officials, both 
lay and ecclesiastic, may be regarded as full- 
time specialists, as may priests. The occupa- 
tions of the latter cover a wide range, as has 
been indicated, but it appears that division 
of function in the maintenance of the mon- 
astery and within the field of religious prac- 
tice is ver}^ high. Professional traders and 
shopkeepers form a small but important mid- 
dle class of commercial specialists, while 
closely allied with them in function are the 
bankers. The Newars of Nepal are said to 
be frequently found in the latter role in 
Tibetan cities. Teachers may be full- or part- 
time specialists, as are the entertainers who 
tour the country. In the cities are also to 
be found Chinese who are professional bar- 
bers and great numbers of beggars who, 
while unproductive in general, have cer- 
tainly a professional status. Certain ones 
among them have recognized duties, as the 
disposal of human and animal corpses, 
searching for thieves who have fled into the 
country, and, formerly, the guarding of con- 
victs. They are the scavengers of the city, 
and their begging status is fully institution- 
alized and regulated. 

Among handicraft and processing special- 
ists are metallurgists, weavers, tailors, shoe- 
makers, builders, potters, and millers. Peas- 
ant, herdsman, and caravaneer are special- 


ists to the degree that they produce, within 
their own sphere of economic activity, a sur- 
plus for trade which is relied upon by an- 
other group that does not produce such com- 
modity or commodities or does not produce 
them ill quantity to meet its own needs. 
Hand power, animal power, and water power 
are utilized, and machine power has been 
introduced on a limited scale. 

Division of labor by sex and by age shows 
no unique features. Women do, however, 
play a rather more than usually dominant 
role in all spheres of activity save religion. 
Sexual discrimination is there at its height, 
yet w^omen may become nuns and, in some 
eases, may be admitted to the monasteries. 
A woman may assume an important incarna- 
tion, in which case she will be accorded great 
honor and privilege, yet she can never reach 
the heights of secular power open to the 
priesthood. Women may manage shops and 
engage in retail trade generally. To country 
women fall not only the usual household 
duties and the care of the young and the 
infirm, but also carrying burdens, sowing 
and weeding, gathering fuel, milking, weav- 
ing, and the making of butter and cheese. 
Herding and ploughing are man^s work, 
while irrigating, reaping, threshing, and 
winnowing are activities in which both sexes 
engage. 

Tibet may be said to stand pre-eminently 
as an example of the achievement of cultural 
complexity iu the face of environmental 
adversity. Many of the resources of the 
country are already being exploited, but 
when European influence adds techniques 
and breaks down dogmatic barriers a new 
avenue of exploitation — ^that of mineral re- 
sources — ^may be opened. Until that time 
Tibet may be expected to show little change ; 
to remain a rather anomalous land of feudal- 
ism allied with theocracy, of herdsman com- 
plementing peasant. 



GEOPHYSICAL MEASUREMENTS IN THE 
AMERICAN REPUBLICS 


By L. O. COLBERT 


Many of the results of the Good Neighbor 
policy, intended to produce better relations 
with our sister republics, will have to rely 
for future value on the impressions made on 
the minds of men. The cooperative work of 
the Coast and Geodetic Survey, arranged in 
these American republics by our Department 
of State, has resulted in the establishment of 
permanent monuments, marking the points 
where precise measurements were made, 
which will be used for reference in future 
geophysical observations 
These cooperative measurements have in- 
cluded: gravity determinations in Colombia 
and Peru; the establishment and mainte- 
nance of fourteen automatic tide gages in 
eight countries ; magnetic observations in all 
twenty of the American republics; coopera- 
tion in seismological work ; arrangements for 
the exchange of personnel to assure stand- 


ardized methods of observations; and trans- 
lation into Spanish of several manuals on 
these geophysical oiierations. 

Tidal measurements One very successful 
program was the establishment of standard 
tide stations for the continuous operation of 
automatic tide gages in eight different coun- 
tries from Mexico to Chile. An example of 
the difficulties of the tidal expert is given 
by the conditions at Panama and the Strait 
of Magellan. In Panama on the Atlantic 
side, the range is only one foot, but on the* 
Pacific side the tide ranges from a mean of 
twelve feet to an extreme of sixteen feet. 
At the Strait of Magellan the range on the 
Pacific side is only four feet. On the At- 
lantic side the average range is thirty feet 
with a maximum of thirty-nine, one of the* 
greatest of the earth. 



RIG. 1. STANBABB TIBE GAGE, U. S. COAST ANB GEOBETIC SURVEY 
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Tide predictions have become common- 
jplaee. The average user of the tide tables 
does not know that back of them is the tide- 
j)redicting machine, and behind this not less 
than one year of continuous tide observations 
nt several ports, followed by mathematical 
analysis of the results. The Coast and Geo- 
detic Survey has for many years predicted 
tides for all parts of the earth, but has been 
handicapped in those portions where obser- 
wations have been meager. 

Because few observations had been made 
in many parts of the Americas, a number of 
the American republics welcomed a plan, 
.'initiated in 1941, whereby the Coast and Geo- 
detic Survey furnished and installed auto- 
jnatie tide gages at principal seaports and 
inspected them annually. Each country con- 
.eerned maintains them in operation and col- 
lects the records for analysis. The fourteen 
stations are distributed as follows: three in 
Jlexicoj two in Central America; nine in 
South America, one of which is in the Strait 
‘Of Magellan. As a result, the tide tables are 
.now providing daily prediction for the more 
important ports, especially on the Pacific 
^Coast of South America, and improved tidal 
-data for the whole of that coast. 

A tidal station includes an automatic gage, 
a tide staff, and a number of benchmarks. 
‘The automatic gage consists of a recorder 
(Fig. 1) connected by a flexible wure to a 
partly submerged copper float. The wire is 
wound around the pulley on the left of the 
recorder so that by a suitable mechanism a 
pencil records the rise and fall of the float 
with the tide. The recording mechanism is 
jnoved along the surface of the clock-driven 
drum at a uniform rate, so that the record 
gives a continuous curve from which the 
height of the tide at any instant may be 
‘Obtained. The tide staff is simply a board 
with painted graduations, so placed that it 
extends above and below the greatest range 
of the tide. At daily intervals the record on 
the gage is compared with the readings of the 
tide staff. This gives the height of the tide 
with reference to the zero mark of the tide 
staff. 

The next step is to carry a line of levels 
1mm the ^ero of the staff to not than five 
“jfi^erenee points on shore, each marked by a 


bronze disk set in the top of a concrete pier 
These marked points become individual 
bench marks of known elevation wdien coii- 
tinnous observations of the rise and fall of 
the tide have been analyzed and the various 
tidal datum planes determined. 

Knowledge of the tide is necessary in daily 
coastal navigation, in connection with water- 
front industrial construction, and in harbor 
improvements. For these uses the maximum, 
as well as minimum, tidal ranges are needed. 

The tidal plane of mean sea level, to which 
all elevations on land are referred, may be 
defined as the mean or average height of tide 
at the point of observation, as derived by 
analysis of the tide record. It is difficult to 
arrive at a common plane of mean sea level, 
as varying meteorological conditions affect 
the observations at different stations. There 
may also be slow or rapid changes in eleva- 
tion, usually associated with major earth- 
quakes, which are especially likely to occur 
on the shores of the Pacific Ocean The 
geologist is interested in these from the view- 
point of w^orld-wide changes of mean sea 
level, especially to learn whether it is the 
land or sea whose elevation is changing. For 
these purposes observations over a consider- 
able period of time are required. It is hoped 
that most of the tidal stations now" estab- 
lished on the Pacific Coast from Alaska to 
Chile will be continued in operation for a 
number of years. 

It is desirable, when possible, to connect 
all tide stations with precise level lines to 
determine the difference between the mean 
sea levels at different coastal points. At the 
Isthmus of Pauajna where this has been done, 
mean sea level was found to be three-quarters 
of a foot higher on the Pacific side than on 
the Atlantic. A similar determination at the 
Strait of Magellan, w"hich would be desirable, 
cannot yet be made because of lack of suffi- 
cient tidal observations at each end. 

The west coast of South America suffers 
from time to time from great seismic sea 
waves, which sometimes reach the height of 
eighty feet, causing damage to shipping and 
to coastal structures. These can now be 
recorded at those tide gages which are of 
sufficient distance from the origin for the 
wave to be within the recording range of the 
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PIG. 2. DESTRUCTIVE TIDAL WAVE IN CHILE RECORDED AT HONOLULU 


gage (Fig. 2) . No means lias yet been found 
for recording great destructive waves near 
their place of origin 

Geomagnetism, The situation regarding 
magnetic observation in the Americas has 
been quite different from that of tidal obser- 
vations. The Department of Terrestrial 
Magnetism of the Carnegie Institution of 
Washington, in order to have needed data 
for its world-wide studies, inaugurated in 
1905 a program of magnetic surveys in all 
countries which did not have organized sur- 
veys of their own Mexico and Argentina 
were originally included in this program but 
soon established, and have since maintained, 
their own magnetic surveys, including the 
operation of magnetic observatories. 

The continuous records from observatories, 
in addition to serving other useful purposes, 
furnish the necessary corrections to field 
observations. Of the observatories used for 
this purpose, Mexico and Brazil each have 
one, Argentina three, Peru one (operated by 
the Carnegie Institution) and Puerto Rico 


one (Coast and Geodetic Survey). These, 
however, are too few to indicate the changes 
in the earth ^s magnetic field; consequently 
the Carnegie Institution made repeat obser- 
vations at selected places at approximately 
ten-year intervals. 

The plan worked satisfactorily through 
1932, after which a break in continuity 
threatened. This was especially serious be- 
cause of the peculiar magnetic conditions in 
the area. To understand these a review of 
the basic facts regarding the earth’s magne- 
tism is desirable. 

Since a magnetic field is in three dimen- 
sions and is diflScult to deal with as a whole, 
it IS separated into components usually re- 
ferred to as magnetic elements. The planes 
of reference for any point of observation 
include the true meridian, the magnetic 
meridian (the vertical plane of the direction 
taken by a freely suspended magnet), and 
the plane of the horizon. The elements in- 
clude : declination, D, the angle between the 
true and magnetic meridians ; inclination or 
dip, I ; and total intensity, P, more usually 
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broken domi into horizontal intensity, H, South America is a region of interesting 
and vertical intensity, Z The various instru- and unusual magnetic conditions, some of 
ments which serve to measure or to utilize which have an effect far to the north, 
the earth’s field usually relate to only one, The magnetic equator, which crosses South 
or at most two, of these elements. America about ten degrees south of the true 

Declination and vertical intensity are in equator, has been slowly moving southward; 
most common use. Anyone who has a mag- and it is important to know whether this 
netic compass can obtain a true direction if trend is continuing, especially as it may be 
he knows the declination at the point of related to movement of the magnetic poles, 
observation. Vertical intensity is used in While daily variation of the magnetic ele- 
geophysical exploration for oil and minerals, ments is a universal phenomenon, that of 
The distribution of the field is far from horizontal intensity in most of South America 
sjunmetrical, and there are maiij^ places is very large, and a daily lunar effect, which 

1927 1937 
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FIG. 3. CHANGES OF ISOPOKIO FOCI OF DECLINATION 


where there are marked local departures elsewhere can be detected only by statistical 
from uniformity. These are known as mag- methods, can be readily separated, 
netic anomalies. They are usually due to the In the recent past there were marked iso- 
presence of magnetic iron or other ferro- poric foci in all the elements in different 
magnetic materials associated with igneous parts of South America; these foci are sub- 
rocks and sediments derived from them. jeet to change both in position and maximum 
A convenient method of studying mag- amount, to disappearance, and to the de- 
netic changes with time, or the secular velopment of new ones (Fig, 3). Theisopors 
change, is the drawing for a selected period in declination in the United States have been 
of isopors or lines of equal change of a changing in an unusual manner and this may 
selected element. In some places the rates reflect changes to the south. These changes 
of ^ange are large and the isopors form a can become known only through continued 
seri^ of closed curves resembling the isobars or repeated observations, 
of a meteorological depression. These are The Coast and Geodetic Survey had demon- 

known as isoporic foci. strated in its work in Alaska that the field 
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observing equipment ordinarily weighing 600 
lbs. could be reduced to 150 lbs. and thus 
make transportation by airplane practicable. 
Silk was substituted for canvas for the ob- 
serving tent used to protect the instruments 
from the wind and sun. Three heavy, bulky, 
padded carrying boxes were reduced to one 
light, compact case (Fig. 4). To obtain the 
necessary correct time the airplane or air- 
port radio was used instead of a special radio 
and battery. 

Due to the rapid expansion of airlines in 
South America, most of the magnetic sta- 
tions that had to be recovered and reoccu- 
pied could be reached by airplane. A co- 
operative program, therefore, was set up 
with all the American republics in which the 
Coast and Geodetic Survey would make the 
repeat survey which was due after ten years. 
Observations were made at from one to 
twenty locations in each of the republics. 
The two geophysicists were accompanied by 
one or more scientists of the particular 
country. In the republics that maintain 
their own magnetic surveys and operate 
observatories, the work was confined chiefly 
to comparison of the Coast and Geodetic Sur- 
vey field instruments at the observatories. 

The observations were made in a tent to 
protect the instruments from the sun and 
wind (Fig. 5). The tent fixtures must be 
nonmagnetic. In fact there also must be no 
magnetic material on the observer. This 
applies to all items — eyeglass frames, metal 
buttons, buckles. 

Observations at a field magnetic station 
usually required two days. The first day’s 
program consisted of testing the station for 
local magnetic disturbances, making solar 
observations for latitude, longitude, and true 
azimuths, and of making a series of magnetic 
observations including magnetic declination, 
the horizontal intensity of the earth’s mag- 
netic field, and the dip or inclination of the 
lines of force. The second day was used for 
repeating the magnetic observations and 
marking the station. 

Magnetic declination was measured by ob- 
serving the angle between the true north and 
the direction indicated by a magnet free to 
swing in a horizontal plane about a vertical 
axis. The measurement of the earth’s hori- 



FIG 4 MAGNETIC INSTRUMENTS 

FOR AIRPLANE TRANSPORTATION TO FIELD STATIONS. 


zontal field consisted of a combination of (1) 
oscillations, which serve to determine the 
product of the magnetic moment of the oscil- 
lating magnet and the horizontal intensity 
and (2) deflections, from which the ratio of 
the same two quantities is obtained. Dip, or 
inclination of the lines of force of the earth’s 
magnetic field, was measured by means of an 
earth inductor, which is practically a small 
generator. Its operation is based on the fact 
that when a closed coil of wire is rotated in 
a magnetic field an electric current is gener- 
ated in the coil except w^hen the axis of rota- 
tion IS parallel to the lines of force of the 
field. A small astatic galvanometer is used 
to determine whether or not an electric cur- 
rent is being generated by the earth inductor. 
The position of the coil is moved until the 
galvanometer reads zero. 

As yet, no satisfactory field instrument has 
been devised to measure directly the absolute 
value of vertical intensity of the earth’s mag- 
netic field. This component must be com- 
puted from the horizontal intensity and the 
dip ; that is, H tan I. 

The instruments in the magnetic observa- 
tories record the magnetic elements continu- 
ously. Thus all variations and fluctuations 
such as magnetic storms are recorded. 
Through exchange, the records are studied 
by scientists of many countries. 

The magnetic survey, as far as it has gone, 
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FIG. 5. MAGNETIC OBSERVER IN TENT, SANTA ELENA, VENEZUELA 


is up-to-date and the distribution of stations 
has been improved. The chief need now is 
for many more observations to map magnetic 
anomalies. 

The earth ^s magnetism has the unique dis- 
tinction of being in constant use and yet 
remaining an unsolved mystery. Its every- 
day use is in obtaining direction, especially 
when other methods fail, and in relation to 
radio communication. Its mystery lies in the 
failure of all the resources of physics to 
explain why the earth has a magnetic field 
and why this field shifts at a variable, unpre- 
dietaWe rate. Continuity of observation, 
especially of unusual conditions, is an obvi- 
WS requisite to eventual solution of the 
* mykary. 

^ 1'!, ; n ' }u ‘ ‘ I ‘ 


Magnetic observations in the vicinity of a 
new volcano. A quite unusual and in some 
respects unique program of magnetic work 
was carried out in 1943. In February a new 
volcano, named Paricutin from a village 
which it destroyed, started its eruption in a 
cultivated field about 200 miles west of 
Mexico City. There was no previously known 
outbreak in the region in historic time, 
though there was ample evidence of prehis- 
toric activity. The only known similar erup- 
tions of new volcanoes in cultivated land 
were those of Jorullo, Mexico, in 1759, and 
of Izaleo, El Salvador, in 1770. 

Magnetic observations have been made in 
the region surrounding Santa Maria volcano 
in Guatemala by the Carnegie Institution of 
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TVasliingtoii and the Pan-American Institute 
of Geography and History, and in the vicin- 
ity of several Japanese volcanoes — the most 
recent being* that on Miyake Island in the 
island group extending southward from 
central Japan. The reason for such obser- 
vations is that when the underlying magma 
becomes fluid, its temperature is well above 
that at which it loses its magnetism (in the 
case of magnetite about 750° C.). Accord- 
ingly, a magnetic survey may disclose the 
condition of the underlying magma and may 
even be a guide to the volcanic activity. As 
the magma cools, it regains magnetism 
through induction in the earth’s field. The 
problem is usually complicated by masses of 
unheated magnetic material. 

Under these most unusual circumstances 
the Coast and Geodetic Survey, with the 
cooperation of the Mexican Government, 
made a magnetic survey, chiefly of vertical 
intensity, in the region surrounding the 
Paricutin volcano (Pigs. 6 and 7), The sur- 
vey started about three months after the first 
eruption, and during its progress the vol- 
cano was actively building up its cone and 
extending its lava field. It is too early to 
appraise the results of the survey except 
that it appears that there are much smaller 
magnetic anomalies than for the other vol- 
canoes investigated. This may help to ae- 



EIG, 6. PARICUTIN VOLCANO 

SHOWING LAVA POUE MONTHS AFTER FIRST ERUPTION. 



FIG. 7. MAGNETIC OBSERVATIONS 
NEAR ERUPTING PARICUTIN VOLCANO, MEXICO, 1943. 


count for the observed wude variation in the 
degree of magnetization of long inactive vol- 
canic material. 

Gravity measuremejits. The first project 
of the Inter-American cooperation with the 
Coast and Geodetic Survey was one for the 
determination of the force of gravity by the 
use of pendulum gravity apparatus at a 
number of base stations in Colombia and 
Peru. Values of the force of gravity of 
proper distribution over the surface of the 
earth form an excellent means of determin- 
ing the shape of the earth. It is well known 
that while gravity is constant at any point 
(neglecting geologic changes) it varies from 
place to place according to latitude, eleva- 
tion, or the hidden structure below the sur- 
face. Quite frequently the differences be- 
tween the theoretical and actual gravity 
values (anomalies) from place to place are 
relatively large after corrections have been 
applied for latitude and elevation. Such 
differences are presumed to be caused by 
absence of isostatic compensation or by 
buried structures of varied density, includ- 
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ing’ salt domes and otlier structures associ- 
ated with petroleum. Accordingly, gravity 
surveys have been used, for some two 
decades, alone or along with seismic or other 
methods, in the search for new oil deposits. 
The type of instrument now in general use 
is the gravimeter, which furnishes surpris- 
ingly accurate results over restricted areas 
when the instrument can be frequently 
tested at pendulum gravity stations. 

Because the gravity anomaly may also 
represent lack of isostatic compensation, im- 
portance IS attached to the collection of such 
data in regions known to be subject to in- 
tense earthquake activity, such as the west- 
ern slope of the Andean Cordillera. Already 
large gravity anomalies have been found 
through the observations in Colombia and 
Peru (Fig. 8). The few base stations deter- 
mined by these recent measurements provide 
reference points for whatever additional 
work may be done in the future in those 
countries for any of the purposes mentioned. 
Additional observations in these and other 
countries in South America, particularly 
those bordering the Pacific coast, would be 


most enlightening to geophysicists who are 
studying these matters. Much interest has 
been taken in the w’-ork of the Bureau so far 
accomplished and in the possible resumption 
of the work which Avas suspended because of 
the war. 

The successful accomplishment of these 
geophysical measurements by the Coast and 
Geodetic Survey was possible only through 
effective cooperation of the government in 
each of the American republics. Further- 
more, it is well recognized that there is 
special need for coordination and mainte- 
nance of standards among all the countries 
on this hemisphere in other scientific W’ork 
such as triangulation, precise leveling, astro- 
nomic observations, and seismology. Many 
of the countries have been carrying on excel- 
lent work in these subjects 

There has been nothing one-sided about 
the benefits received through cooperative 
effort. The results will be utilized for the 
mutual advantage of all through a better 
knowledge of these geophysical features 
which affect all countries to a greater or less 
degree. 


REAR ADMIRAL LEO OTIS COLBERT 


Admiral Colbeet, C.E., 
Se.B., is Director of the 
U. S. Coast and Geodetic 
Survey, Department of 
Commerce, Washington, 
D. C. He was horn in 
Cambridge, Massachu- 
setts, in 1883 and was 
graduated from Tufts 
College in 1907 as a 
civil engineer. He then 
entered the Coast and 
Geodetic Survey to which 
he has devoted his entire 
professional career. In 
1938 he became its Direc- 
tor and in 1939 his Alma Mater recognized his 
achievements by bestowing upon liim the honorary 
degree of Doctor of Science. Admiral Colbert does 
not tell us how he became a sailor, but from the start 
we find him aboard ship ; from 1907 to 1910 on wire- 
drag work on the Atlantic Coast and Alaska, and 
from 1911 to 1917 as executive officer and later as 
commanding officer of Survey vessels in the Philip- 
pines, on the Pacific Coast, and in Alaska, In Sep- 
tember 1917, he was transferred by Executive Order 


to the Navy and served as Lieutenant and Lieuten- 
ant Commander on the U.S.S. Northern Pacific, a 
troop transport ship. After the war he spent lune 
years of shore duty in the Washington office of the 
Survey, followed by three years in Manila as Director 
of Coast Surveys of the Philippine Islands. Upon 
his return to the States in 1931 he became command- 
ing officer of the Survey steamer Oceanographer, 
Avhich was engaged in the use of acoustic methods 
for making soundings of Georges Bank off the coast 
of Maine. According to R. A. Daly in The Moor 
of the Ocean this survey resulted in ''the first maps 
to illustrate well the association of canyon, furrow, 
and ridge. . . . ' ’ From 1933 until he became Direc- 
tor, Admiral Colbert was in charge of chart produc- 
tion and correction. His interest in maps also ex- 
tends to aeronautical charts, for his daughter is a 
first-class WASP in the Air Transport Command of 
the Army Air Forces. He is a member of the Mis- 
sissippi River Commission and trustee, director, or 
member of several organizations having a bearing on 
his work. In spite of his preoccupation with war 
duties Admiral Colbert has taken a great interest in 
promoting in the American Republics geophysical 
measurements which are of benefit to all but which 
are to be accomplished only through cooperation. 



APPLIED GENETICS IN FORESTRY 

By G. A. PEARSON 


]\Ian-]made forests ma3" never attain the 
grandeur of nature’s forests. The reason 
lies not so much in man’s inabilitj" to fathom 
the secrets of nature as in his impatience to 
reap the reward of his efforts. Nature has 
taken anj'where from three hundred to five 
hundred or more A^ears to grow the forest 
giants which eominand our admiration and 
reverence — ^white pine in the East, ponde- 
rosa pine in Arizona (Pig. 1), Dougias-fir 
in Oregon, or the redwoods in California. 
Within another half century these biological 
wonders will cease to exist except where small 
areas have been preserved for scientific or 
aesthetic reasons. While commercial forests 
may for many yeSiYS continue to harbor 
remnants of the original stands, they will be 
made up largely of trees less than one hun- 


dred and fift^- years old At the present time 
the clear, even-grained boards w^hich com- 
mand almost prohibitive prices in lumber 
markets are sawed from towering veterans 
of unbelievable age. If we would continue 
to use this class of timber, we must devise 
means of growing it in less than half the time 
nature has taken. 

Such, in brief, is the problem which con- 
fronts American foresters today. Some 
would evade the problem by doing without 
high-grade lumber. They would be content 
with the small, knotty, and defective boards 
which now supply much of the lumber trade 
in the East and South. Others would resort 
to fabricated material in which small pieces 
of clear wood are glued together into larger 
sections of desired form ; or they would con- 
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FIG. 2, AN OLD CUTTING OF PONDEROSA PINE UNDER PRIVATE CONTROL 

LOGGERS LEFT TOO FEW SEED TREES FOR GOOD NATURAL REGENERATION. A NEW VARIETY 
OF PINE COULD BE INTRODUCED ON THIS LAND IF ONE WERE FOUND ADAPTABLE TO THE SITE. 


vert knotty trees into pulp from whieli a 
great variety of synthetic wood products can 
be made. Some investigators believe that, 
b3’' the introduction of new species from 
foreign countries or by the development of 
hj^^brids, it is possible to produce supertrees 
which will yield usable timber in a small 
fraction of the time now required. Still 
others would rely mainly on selection and 
cultural practices to bring native species to 
a high degree of productive efficiency. 

In the eifort to maintain an adequate sup- 
ply of wood products in the face of dwindling 
natural supplies, no reasonable prospect 
should be overlooked. All the methods here 
listed deserve attention, but since the first 
three lie outside the sphere of this discussion, 
only the last two, involving improved meth- 
ods of breeding and growing timber, will 
be discussed. 

Plant breeding has revolutionized agri- 
culture and, in somewhat different wa\"s, it 
can do the same for forestry, which is really 
a form of agriculture. Tree genetics is be- 
ing studied systematically at several of the 
forest experiment stations operated by the 
United States Forest Service; one of these, 
the California Forest and Range Experiment 
Station, has a division of genetics with a 
field station devoted entirely to the breeding 
of forest trees. 


The thought of hybrid trees combining the 
desirable qualties of several species or strains 
appeals to the imagination. Already suf- 
ficient progress has been made to indicate 
astounding possibilities. But the vision of 
man-made miracle forests replacing extensive 
areas of natural woodland is not likely to be 
realized in the near future. To appreciate 
the obstacles to such a program it is suf- 
ficient to enumerate only a few of them. 

The long period between germination and 
seed bearing in forest trees, as compared with 
most plants, increases manyfold the time 
required to develop and fix new varieties. 

Once a hybrid has been developed in the 
laboratory and nursery, or a new species 
introduced from a foreign country, tests 
under field conditions must run through the 
greater part of a life cycle in order to deter- 
mine how the newcomer will react to the 
many factors of a complex environment. 

The introduction of new varieties pre- 
supposes artificial propagation, ^vhereas nat- 
ural regeneration is the framework of the 
present forestry structure. 

On denuded lands requiring reforestation 
it is possible and practical to introduce new 
species, h^^-brids or selected strains after tests 
have proven them adapted to the conditions 
of the site (Fig, 2), Because of the tendency 
toward reversion and to cross-pollination 
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FIG. 3. PONDEEOSA PINE IN THE BEIER PORTIONS OP ITS RANGE 

MAINTAINS PURE STANDS BY REPRODUCING ITS OWN KIND EACH GENERATION. IN MORE HUMID 
SECTIONS, OTHER SPECIES SUCH AS PIRS WOULD TEND TO DOMINATE IN THE SECOND GENERATION. 


with remnants of native stock, however, 
nature could not be relied upon to perpetu- 
ate the introduced varieties in succeeding 
generations. Instead of natural restocking 
when the crop is harvested, it might be neces- 
sary to plant with stock propagated from 
seed of known pedigree, or from cuttings. 
But, notwithstanding the difiSeulties in- 
volved, anyone would be rash to assert that 
this process may not some day become prac- 
ticable. It seems safe to assume, however, 
that as long as extensive natural forests re- 
main and prove capable of meeting the re- 
quirements placed upon them, they are not 
likely to be subjected to such drastic treat- 
ment as eradication and replacement. 

Guiding Natural Selection 

At present the greatest opportunity in for- 
estry li^ in the improvement of existing for- 
ests rather than ih replacing them. Natural 
foreste contain both good and poor typ^ of 
trees, as measured by both biologic^ and eeo- 
Th^ of the for^ter is 


to repress the undesirable and favor the more 
desirable types. 

There are few plant associations in which 
natural selection is carried on so consistently 
and so ruthlessly as in a forest. The sur- 
vivors are certainly the fittest biologically if 
not economically. Propagation of the quali- 
ties which best serve mankind is man’s own^ 
responsibility. Both heredity and environ- 
ment figure in the development of the indi- 
vidual tree. Heredity determines potenti- 
alities ; environment either fosters or inhibits 
these potentialities. The best of species or 
strains cannot make the most of their inher- 
ent potentialities without suitable physical 
conditions, nor can the optimum physical 
complex produce a high-class forest out of 
inferior species. 

The characteristics most sought in forest 
trees are persistence, vigor, good form, and 
high quality of the wood. 

Persistence, Natural forests are, gener- 
ally speaking, a product of their environ- 
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inent, plus chance. If undisturbed by man 
they may be said to represent the produc- 
ing* capacity of what foresters call the site. 
Composition is determined by the capacity 
of species, and of strains wdthin species, to 
tolerate adverse elements of the site and to 
take advantage of the favorable elements. 
The trees which maintain their position in 
the forest through generations must be able 
to compete with their neighbors for a place 
in the sun and the soil. They must be able 
in one way or another to resist or adjust 
themselves to the ravages of fire, disease, in- 
sect and rodent pests ; and, finally, they must 
be capable of regeneration under the condi- 
tions encountered. 

Ponderosa pine {Pinus ponderosa) in the 
interior and more arid poi'tion of its range 
is an example of a tree in adjustment to its 
habitat. It has maintained practically pure 



stands over vast areas of w’estern United 
States through generations, and promises to 
continue so indefinitely (Pig. 3). Douglas- 
fir {Pseitdotsuga taxifolia), on the other 
hand, is a subclimax species, which is 
usually found in mixture with the true firs 
of the genus Abies. It often starts in pure 
stand following fires, but after the first gen- 
eration it gives way to the true firs, which are 
better able to regenerate under cover. 

Vigor. Each species has definite limita- 
tions as to growth capacity in a given en- 
vironment ; it is found also that within spe- 
cies there exists wide individual variation. 
Usually, however, the so-called fast-growing 
species grow rapidly only under conditions 
favorable to them, and they may fail entirely 
on poor sites where slow-growing species 
are able to persist. The popular dream of a 



FIG- 4. GOOD AND POOE FORM IN SAW TIMBER 

A, ILLUSTRATES THE LONG, CLEAN, COLUMNAR TRUNKS DESIRABLE FOE LUMBER; B„ THE MUCH- 
BRANCHED AND FORKED TYPE THAT IS SPLENDID POE SHADE BUT VALUELESS FOR LUMBER, 
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tree wliieli \m 11 gTow rapidlv with little water 
IS likely to remain only a dream. Hapid 
growth of individual trees does not neces- 
sarily signify efficient use of soil, water, and 
light; it may mean simply that the individ- 
ual has been able to appropriate at the ex- 
pense of its neighbors more than a fair share 
of the elements concerned in growth. It fol- 
lows that for economic purposes productive 
capacity should be measured not only in the 
growth rate of individual trees but also in 
yield per acre. 

Rapid growth is often attained at a sacri- 
fice of quality. Coniferous trees usually 
produce the best wood, whether for lumber 
or for pulp, when growing at a slow, or mod- 
erate but uniform, rate. Markets for air- 
craft material and other specialized products 
commonly specify a maximum width of 
growth rings in the better grades of lumber. 
Broadleaf trees, on the other hand, may com- 
bine rapid growth with increased strength, 
toughness, and resilience. Thus, the famed 


second-growth hickory, much prized for ax 
handles, is a product of certain fast-growing, 
young trees. 

Form, Good form in trees is a relative 
term, the definition of which depends on the 
use contemplated. The broad crown and 
picturesque forking and branching so desir- 
able in a shade tree are characteristics to be 
avoided in trees grown for lumber. Good 
form in a timber tree implies a straight, 
nearly cylindrical trunk, or bole, free of 
branches to at least half of its height. The 
opposite characteristics, namely, a short, 
limby, tapering bole, make for knotty lumber 
and waste in manufacture (Fig. 4). 

The best timber form is attained when 
trees grow in close formation. Under these 
conditions competition forces the tree up- 
ward, figuratively reaching for sunlight, and 
encourages natural pruning’’ in which the 
lower branches die and eventually fall to the 
ground, leaving what foresters call a clean 
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FIG. 6. MATURE PONDBROSA PINE AFTER THE FIRST CUTTING 

THIS CUTTING WAS CAREFULLY DONE BY THE METHOD OF IMPROVEMENT SELECTION. LIGHT 
CUTTINGS AT TWENTY-YEAR INTERVALS WILL STIMULATE GROWTH IN THE REMAINING TREES. 


bole. Open spacing encourages lateral 
branch growth and persistence of branches 
almost to the ground. Although species 
differ in degree of response to these influ- 
ences, the relationships are universal. Even 
in fairly dense stands, ho^yever, some indi- 
viduals develop the branchy habit and ex- 
pand laterally at the expense of their neigh- 
bors. Extreme types of this class have for 
generations been called wolf trees. 

Wolf trees may be a product of either 
heredity or environment. In many instances 
they are merely the most vigorous growers 
which, after outstripping their neighbors, 
have expanded without restraint. In other 
instances, coarse branching and forking show 
all indications of being hereditary. A ma- 
jority of the cases of abnormal branching are 
traceable to some form of injury. The por- 
cupine, by girdling the main stem of a young 
tree near the top, arrests height growth and 
stimulates branch growth. Repeated cut- 
ting of terminals by the Abert squirrel in 
Arizona may bring about similar effects 


Mistletoe causes branches and even the main 
stem to assume grotesque forms which may 
render the tree valueless for lumber (Fig. 
5). Snow is a common cause of crooked 
boles ; the young tree is bent over by unequal 
distribution of the snow load, then when 
growth is resumed the new terminal shoot 
rises vertically while the old axis remains in 
an inclined position. 

Quality. The wood of every tree has cer- 
tain qualities which are characteristic of the 
species to which it belongs. White oak is 
noted for its strength, hardness, and beauty 
of figure; white pine for its softness, uni- 
formity of texture, and ease with which it 
can be worked ; red cedar for its rich color, 
its pleasing odor, and its resistance to decay. 
Whether a certain quality is desirable or 
essential depends on the purpose for which 
the wood is to be used. For instance, beauty 
of figure and hardness are desirable in a 
table top, but pattern-making calls for a soft 
wood free from the irregularities which make 
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FIG. 7. IMPEOVEMENT OF A YOUNG PONDEEOSA PINE STAND BY CUTTING 

MOST OP THE MATUEB TIMBER WAS LOGGEB TWENTY YEARS AGO. THE LARGEST REMAINING 
TREES ARE TOO LIMBY TO MAKE QOOB LUMBER AND ARE DOMINATING BETTER SMALLER TREES. 


the pronounced grain in oak and in some 
pines. Supporting timbers in a house should 
be strong; but strength is less essential in 
siding, which in turn calls for workability, 
•paintability, and resistance to the deteriorat- 
ing influences of weather. 

Under present circumstances, the best op- 
portunity for improving quality in woods 
lies in making the most of desirable charac- 
teristics in existing species rather than 
searching for miracle woods in new varieties 
or hybrids. In all trees certain character- 
istics are associated with age, size, and en- 
vironment. For example, in the so-called 
durable species usually it is only the heart- 
wood that is durable and heartwood is most 
fully developed in old trees of large size. 
Rate of growth and variation in growth rate 
influence texture, strength, and seasoning 
qualities. leaning trees often have an ob- 
jectionable structural distortion known as 
conipfession wood. Clear lumber of any 
mmm from trees that shed their 
hr^Aes esarly in life; the knotty 
fefo?',fqr interior finish, 


is obtained from sections of the trunk which 
have retained live branches, forming a 
tight knot, as distinguished from the loose 
knot formed when growth layers are de- 
posited around persistent dead branches. 

Genetics Applied in Commercial 
Cutting 

Strange as it may seem to the layman, log- 
ging affords one of the most effective means 
of improving commercial timber stands. A 
cutting practice designed especially to favor 
the best trees in stands of ponderosa pine has 
been applied in the Fort Valley Experi- 
mental Forest in Arizona, under the name, 
“improvement selection.’^ Trees of unde- 
sirable type are marked for cutting while 
those of the best type are left for growth and 
regeneration. This selective logging is re- 
peated at intervals of ten to twenty years, 
always favoring the best elements of the 
stand by removing the poorest (Figs. 6, 7, 8). 

Improvement selection does not overlook 
immediate economic and industrial aspects. 
A lumberman compelled to handle only in- 
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ferior logs would not be able to compete in 
the lumber market. Trees of such low qual- 
ity that the sale value of their product will 
not equal the cost of transporting the logs to 
the mill and sawing them into lumber or con- 
verting them into other useful products are 
disposed of in the cheapest manner possible, 
usually by poisoning with a sodium arsenite 
solution, at a cost of a few cents per tree, or 
by girdling. Timber management aims to 
grow a class of product that will return a 
profit to grower and manufacturer, and at 
the same time provide maximum utility for 
the consumer. 

In practice, selective cutting designed to 
improve a forest will proceed along the fol- 
lowing lines : 

Large, merchantable, mature trees of all 
classes are cut except as occasional individ- 
uals may be needed for regeneration. Mer- 
chantable, immature trees are cut if diseased, 
injured, or of poor form. 

Unmerchantable trees wliose presence is 
regarded as harmful to the stand are elimi- 


nated at minimum cost by poisoning or by 
girdling. Especially included are the wolf 
trees dominating smaller trees of good form 
and mistletoe-infected or otherwise diseased 
trees which may infect the younger gen- 
eration. 

Immature trees of good form are left un- 
less they are too close together for satisfac- 
tory gro'wth, when the surplus trees are 
removed in order to improve spacing. 

Removal of mature trees is in conformance 
with the biological law that maturity is fol- 
lowed by decline and that a mature crop of 
am’' kind must be harvested if loss and waste 
are to be avoided. In forest trees, however, 
maturity is a relative term. Trees which 
have attained biological maturity may go 
on growing for hundreds of years if their 
roots and crowns have room enough to func- 
tion noiunally. It is therefore good practice 
111 some species, such as ponderosa pine, to 
harvest dense, mature stands in a series of 
cuttings, taking first the largest stems and 
those which show" signs of decline and leav- 



FIG. 8. YOUNG PONDEEOSA PINE SHOWN IN FIG. 7 AFTEE A SECOND CUTTING 

TWO OP THE LARGER TREES HAVE BEEN REMOVED, LIBERATING THEIR SMALLER NEIGHBORS 
WHICH WILL NOW GROW MORE RAPIDLY; THEY ARE BEING PRUNED TO INDUCE CLEAN BOLES. 
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FIG. 9. A DOUBLE WOLF TEEE 

KILLED BY POISONING. IT IS WORTHLESS FOR 
LUMBER, AND IP FELLED WOITLD DESTROY 
MANY SMALL TREES. THIS TREE, BY ITS 
SHADE AND ROOT ACTIVITY, HAS SUPPRESSED 
YOUNG TREES WITHIN A SPACE OP FIFTY FEET. 

ing others for further growth. Trees of 
poor form are removed in. early cuttings be- 
cause they occupy space which can be uti- 
lized to better advantage by those of normal 
form. Whether abnormal trees will beget 
progeny of the same type cannot always be 
said with certainty. Nevertheless, removal 
of abnormal types is a precaution in favor 
of future generations. 

Isolated wolf trees and others whose form 
renders them worthless for lumber can in the 
younger stages be made to serve a useful 
purpose temporarily as nurse’' trees. If 
the crown is not too low, seedlings start 
underneath its periphery and, under the in- 
fluence of partial shade, grow into tall, 
slender, almost branchless poles. Unre- 
strained, the wolf tree reaches out and 
strangles these ambitious youngsters, but if 
the wolf tree di^ or declines, they grow into 
Iwes of ihe finest type. Sometimes lightning 
I tte needM service ; man can do it 

poi^TOiig the abnormal tree. 

by introducing 


sodium arsemte solution into holes bored in 
the trunk. Sudden removal by felling ex- 
poses the slender poles to snow damage; 
poisoning leaves the dead tree standing, its 
massive branches shielding the young poles 
until they become strong enough to with- 
stand the snow load (Fig. 9). 

Mistletoe-infected trees are cut because 
they are a menace to their neighbors and 
because sooner or later they themselves will 
sneeumb to the parasite. It is common ob- 
servation, however, that in groups of young 
trees which have been equally exposed some 
have escaped infection while others have not. 
Many foresters believe, and with good logic, 
that certain strains of a species are resistant 
to mistletoe. Whether this opinion is right 
or wrong, future tree generations are un- 
doubtedly safeguarded by removal of indi- 
viduals which have proved to be susceptible. 



FIG, 10. OOREECTION BY PEHNING 

EXUBERANT BRANCHING IN VIGOROUS YOUNG 
DOMINANTS CAN BE CORRECTED BY PRUNING 
EARLY IN ItlFE. THE TREE IN THE FORE- 
GROUND HAS BEEN PRUNED AND LATER ADDI- 
TIONAL LOWER BRANCHES WILL BE REMOVED. 
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Where provision must be made for natural 
regeneration, trees wMch bear evidence in 
the form of cone litter of having borne abun- 
dant seed crops in the past are selected as 
seed trees. Large, mature trees, even though 
it is probable that they will blow down or be 
struck by lightning, are left for seed, when 
needed, if the ground underneath them is 
blanketed with cones representing several 
seed years. 

Improvement measures are obviously more 
effective in young than in old stands. Ee- 
moving a large wolf tree after it has sup- 
pressed its smaller neighbors, or removing a 
mistletoe-bearing tree after infection has 
spread to neighboring groups of saplings, is 
much like locking the garage after the tires 
are stolen. In a well-managed forest there 
are usually large numbers of seedlings, sap- 
lings, and poles, in addition to the relatively 
large trees left in selective logging. Many 
individuals in this younger generation may 
be of undesirable type, and whether a prod- 
uct of heredity or of environment, they 
should be removed when they interfere with 
trees of a better type. Some vigorous grow- 
ers which, though of good form, tend toward 
excessive branchiness can be improved by 
pruning off the lower branches in order to 
form clear boles (Fig. 10). Treatment of 
young stands by eliminating undesirables 
and pruning selected crop trees is called 
stand improvement. In Europe it is con- 
sidered good practice to bring young forests 
through the sapling stage in very dense 


stands, then thinning from time to time by 
removing the less desirable stems and leav- 
ing the better ones. This program provides 
large numbers to select from and results 
eventually in a stand of superior trees cor- 
rectly spaced. Stand improvement is es- 
sentially a means of directing and aiding 
natural selection. 

To summarize, forest genetics, or tree 
breeding, may be practiced by two general 
methods: artificial propagation of hybrids 
and selective improvement of natural stands 
by consistently favoring the better types at 
the expense of those less desirable. The first 
method can be applied only in artificial re- 
generation or where treeless areas are for- 
ested by planting. Under these conditions 
the method has great possibilities, but it must 
necessarily proceed at a slow rate because 
planting is tedious and expensive. The 
second method deals with natural forests 
and therefore has wide and immediate ap- 
plication. Both methods have their place. 
Neither one has received the attention it de- 
serves in this country, because forestry hith- 
erto has been concerned primarily with the 
harvesting of native wood crops which could 
be had for the taking. But the time is not 
far distant when this Nation timber supply 
will be limited to what is grown. Availabil- 
ity, quality, and cost will be determined by 
the efficiency attained in growing the crop, 
and in this process genetics is destined to 
assume inereasii^ly great importance. 



MINING TERMS OF OBSCURE ORIGINS 

By EDWARD TAUBE 


Inquiry, over a period of years, into the 
derivations and associated historical details 
of scientific terms listed in the dictionaries as 
obscure,’’ has led to the following discus- 
sion of five mining terms. 

Matte 

Metallurgists apply the word matte to the 
impure metallic mass formed in the initial 
stages of the smelting process. In our day it 
calls to mind the huge quantities of nickel 
matte treated at Sudbury, Ontario ; but when 
it began to make its way into French and 
English dictionaries, during the nineteenth 
century, it had already fixed its abode in the 
Harz Mountains of Germany, in Saxony, and 
in adjacent mining regions. There, under 
different spellings and a wide variety of 
meanings, it had for hundreds of years been 
familiar to early German miners as well as 
to the populace at large. After 1171, which 
marks the discovery of silver in the Saxon 
hills, Freiberg took on the outstanding posi- 
tion in mining and metallurgy that it held 
for centuries. Its famous penal code of 1294 
decrees the death penalty for anyone found 
guilty of minting coins with improperly 
purified silver, with mathan^ and a milder 
punishment, the loss of the right hand, if 
iron is the impurity. In the second half of 
the sixteenth century' Johann Mathesius 
preached at Joachimstal in the Erzgebirge, 
a town best known to us because the distant 
ancestor of our dollar was minted there. 
This theologian’s sermons have appeared in 
print and constitute valuable source material 
for the study of early mining methods and 
mining terms. He speaks of maute (heap of 
ore) time and again. 

Among the senses that this noun of ancient 
liaeage and numerous relatives attained 
throughout Germany and many parts of 
Europe were “mud,” “brass,” “peat,” 
“clod,”^and “bank of eartii.” The place- 
names Matta and CimalmoUo {Bchimmel- 
moH dirt) show that its range extends 
US far south as the It^an part of Switzer- 


land, and Mutta can be seen in Canton Bern, 
Graubiinden, and Solothurn. 

Few chemists as yet realize that matte is 
hidden away in the second element of our 
bismuthy a term which has been subjected 
to much unsatisfactory inquiry. Early ref- 
erences to the metal are most frequent in the 
works of Georg Bauer (1494-1555), famous 
as Agricola, the first great expert on mining 
and metallurgy. In his works, which were 
written in Latin, he reduced to scientific 
order the knowledge he had acquired from 
the miners at Joachimstal in the Erzgebirge, 
and at Chemnitz in Saxony. This eminent 
mineralogist often mentions plumbum cin- 
ereuniy bisemutumy and wismuty so for in- 
stance in the glossaries of Be Be MetalUcay 
Libri XII (1556), where he records the Ger- 
man equivalents of the Latin terms. The 
English language now uses bismuth y with a b 
replacing an original Wy a change suffered 
by a considerable number of words in the 
mouths and under the pens of Agricola’s 
countrymen. German chemists of our day 
write Wismuty though occasionally also Bis- 
muty Wiesmaty and Wismat, The term 
breaks down into the old adjective wls {weiss, 
white) and the noun mutt (matte, lump, 
clod). A touch of white appears in the 
native metal, and some of its ores and com- 
pounds show this coloration to a marked de- 
gree; for example, bismuth oxychloride and 
bismuth subnitrate. Standing alone, the 
noun could denote the metal too, if the infor- 
mation given in Harrison’s Description of 
England (1587) is correct: “A metall more 
naturaU, and the verie same which Encelius 
calleth Plumbum cinereumy the Germans, 
‘wisemute,’ ‘mithan,’ &. ^counterfeie.^ ” 

Mispiokel 

Arsenopyrite bears the distorted name 
mispichely which we find mentioned in En- 
glish mining literature for the first time in 
1683; “All Silver Oars . . . free from Flint, 
Blent, Cobolt, Mispickel, Glimmer, Wolf- 
eran.” The work carrying this quotation 
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was a translation of a German book by 
Lazarus Erker, chief assayer of the German 
Empire. The translator, who for many 
years was deputy governor of the Mines 
Koyal Company, distinguished himself by 
the publication of several important metal- 
' lurgical treatises. The spelling applied by 
Pettus can, of course, be seen in his German 
source, also in Mathesius’s collection of ser- 
mons, which, in addition to mispickelj has 
mieszpiecJcel, miszpieckel, and mispuli, and 
in Agricola’s glossaries, which list mispicJcel 
and mispuckel. Finding a derivation or 
selecting a correct form from so many vari- 
ants would truly be a difficult task, if Agric- 
ola had not left us a mistpuckel too. This 
immediately brings to mind Mistluckel 
(manure ridge) . Such a name leads to two 
interesting conclusions. First of all, it 
proves that early metallurgists had noses 
sensitive enough to detect the garlic odor of 
the strong arsenical fumes emitted by arseno- 
pyrite when roasted, and then it draws our 
attention to the matter-of-fact nature of 
early mining terms, which in some instances 
were taken from the barnyard. 

Quartz 

Explanations of the word quartz have been 
put forward for several centuries, yet not 
one has met with universal approval. The 
preacher Mathesius once again comes to the 
fore when German attempts to trace the 
origin are considered. He suggested that 
Quarz is a contraction of quat (bad) and 
Erz (ore). Here and there a mineralogist 
became a disciple of this view. Other Ger- 
mans thought out their own derivations. 
One maintained that Warze (wart) was the 
original word, because of the warty appear- 
ance of the crystalline elevations. Another 
connected the term with Zwerg, as if a dwarf 
had by some means or other distorted his 
name into that of the most common of all 
solid minerals. French scholars are inclined 
to regard the Latin quadratus as the source, 
from the angularity of the crystals. Aside 
from pointing to the German origin, English 
dictionaries are for the most part satisfied 
with ‘^doubtful,” ‘‘etymology unknown,” or 
“of uncertain derivation.” One mineralo- 
gist is bolder than the lexicographers j he 
traces the word back to a German ancestor 


that suggests the sound of clay when 
kneaded. Such a large number of explana- 
tions, diverging so far and all seeking a basis 
m fact, should warn us against setting up a 
new interpretation before examining each 
and every pertinent detail with extreme care. 

Scrupulous scrutiny reveals that Quarz 
was originally a variant of Qries (gravel). 
In some German localities it still means 
gravel. The question of form may be settled 
satisfactorily. Not only has a great German 
philologist, Jacob Grimm, expressly pointed 
to the replacement of a ^ by a qu, which per- 
mits quarz to evolve from the Old High Ger- 
man crioz (gravel), but modern German 
offers a number of words whose variants re- 
peat the grioZf crioz, quarz relationship. 
Oacken, kacken, quacken, and quaquen 
(cackle) illustrate this sufficiently well. 

The first German example turns up in a 
poem describing the efforts of a miner to 
obtain financial assistance from a local 
farmer. This interesting poem was written 
in the fourteenth century, either in Saxony 
or in Bohemia. Things are going excep- 
tionally well at the mine, according to the 
sales talk: 

Eirst-rate quartz and lustrous copper 
Accompany the gangue. 

It won’t be long, if God so will, 

Before good ores we come upon, 

Eor quartz arranged in such a fashion 
Has never yet led me astray. 

Impressed by the unfamiliar terms employed 
by the miner and misled by the glowing 
accounts, the farmer from time to time ren- 
dered financial aid, only to lose his total 
investment in the end, for no valuable ores 
were discovered. 

The year 1631 marks the first appearance 
of the word in an English book, Jordan’s 
work on spas and mineral waters: “Sparr, 
which the Dutch call Sput or Quarts, shoots 
into points like diamonds.” In order to 
appreciate the full significance of this pas- 
sage, one must bear in mind that Dutch here 
means German, aside from noticing that 
names of minerals were often confused at 
that period. 

Shaet • 

“Obscure origin” applies only in part to 
shaft, insofar as some authorities give due 
recognition to its German derivation, whereas 
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the larger dictionaries are silent on this point 
or are inclined to question an importation 
from the Continent. The famous Codex 
Wangianus contains decrees passed by the 
bishop of Trent in Tyrol for the purpose of 
regulating mining actmties within his do- 
main. Though written in Latin, it records 
several words of German nativity, among 
them xafetus in an entry for the year 1208. 
The monks of Durham, England, constructed 
a shaft /or the mining of coal in 1433--34, 
according to their account books for that 
year. However, this method of mining may 
have been known earlier still, because an 
English monk who wrote in 1366 speaks as 
if he were acquainted with it. Even so, a 
sufficient margin of time remains for the 
loan-word to have crossed the Channel. As 
a matter of fact, German miners are reported 
to have been active in England as early as 
the twelfth century. 

The phrase sink a shaft may be traced back 
to the Freiberg legal code of 1294. Section 2 
of chapter 37 places all matters pertaining to 
the sinking of shafts in the hands of a special 
overseer. In 1583 Ulrich Prosse, a German, 
took charge of the mines at Perranzabuloe, 
Cornwall. Besides furnishing the earliest 
traceable English instance of sink a shaft, 
the letter which he wrote on the 27 th of June, 
1584, to Carnsewe, one of his backers, offers 
us an interesting specimen of early English 
mining literature : 

Wee have at this present gone vp witli our newe 
abdite 10 faddem in the higher Close and Cliered the 
rouble out of on of the higher shafts aboue, and 
soncken downe, and so mean to Dryve upward and 
downe ward, and in sineking thes two shaftes in the 
higher Glos wee did light with great boules of water 
betwixt the shafts in the higher old abdite a mongst 
the rouble, which the shaftes dothe stee, because the 
shaftes was fuled up with rouble higher then the old 
abdit is, whereby the water in the old abdite betwixt 
abaft and shaft is steed, and hath put us to much 
trobie untUl hither to, which nowe wee have brought 
dowen. 

Shode 

Shade (shoad) is weathered ore that has 
been washed away from an outcropping vein 
and has been deposited in surface debris at 
some distance from its point of origin. Here 
again we have a German mining term. 

Repeated entries in state docnmenls ^ow 


that different rulers encouraged German ex- 
perts to develop English mining. These 
came, bringing their special skills and an 
extensive vocabulary, for Germans were then 
the exponents of the best mining practice. 
Hermann de Allemania, Thomas de Al- 
maigne, and Tilman de Cologne are men- 
tioned in the records of the fourteenth cen- 
tury. The high point was reached in the six- 
teenth century, with Hochstetter digging for 
copper near Keswick in Cumberland, Schutz 
erecting improved furnaces with bellows at 
Beauchief in Derbyshire, and Kranz build- 
ing a smelter at Larian in Cornwall. Shade, 
which is still prominent in Cornish mining 
literature, owes its introduction to these ex- 
perts from Central Europe. First the pros- 
pector sought out the heaps of debris in the 
valleys. Upon locating a shade with a favor- 
able mineral content, he tried to guess from 
the conformity of the ground the direction 
from which the flood had come that had 
washed down the deposit. Then he began his 
search for the metallic veins. While Prosse 
was digging at Perranzabuloe, Carew was 
busy compiling a description of Cornwall. 
His book, which came out in 1602, devotes 
special attention to tin-mines and the meth- 
ods employed in finding the ores : ^‘They dis- 
cover these works, by certain Tynne-stones, 
lying on the face of the ground, which they 
term Shoad, as shed from the main Load, and 
made somewhat smooth and round, by the 
waters washing and wearing.’’ 

An interesting record exists of an accusa- 
tion brought in the middle of the fifteenth 
century by the prioress at Freiberg against 
a former mayor of that city. He, so runs the 
complaint, allowed the moat to deposit its 
schute onto a meadow, thus spoiling its value 
to the nunnery. Along the course of the 
Danube we come upon a different spelling 
of the same word. Below Pressburg the 
river, whose banks are here quite low, divides 
into several arms. These form two islands, 
the grasse Schutt (large shode), which is 56 
miles long and 31 miles wide, and the klsine 
Schutt (little shode), about one quarter the 
area of its partner.' The shifting sandbanks 
off the islands are a constant menace* to 
navigation. 



THE NUTRITION FOUNDATION 


By CHARLES GLEN KING 


The Nutrition Foundation was organized 
two years ago by leaders in tbe food industry 
as an expression of their confidence in the 
long-time value of fundamental research and 
as a sincere acknowledgment of their respon- 
sibility for the protection of public health. 
The entire program is one of public service 
in a very real sense. Although the plan of 
organization may be regarded as new in sev- 
eral respects, the underlying principles on 
which it is based have been well established, 
we believe, in research experience. 

Background 

The background of thinking that led to 
establishing the Foundation involved the fol- 
lowing considerations. 

A large proportion of the world’s explora- 
tory or fundamental research has been, and 
will probably continue to be, carried out in 
university research centers. Direct support 
of specific projects planned by the best men 
in these centers is probably the most eco- 
nomical way to foster pure research. Such 
work should be planned and published with- 
out regard to the special interests of an in- 
dividual firm or of any agency that could 
bring a bias into the picture. 

The current trend in American economic 
affairs has led to serious shrinkage in the in- 
come from invested funds. Universities, hos- 
pitals, and other endowed institutions will be 
correspondingly handicapped; hence large- 
scale corrective measures should be intro- 
duced promptly to offset this effect, or the 
entire social order will suffer. As an illus- 
tration of what has happened, President 
Walter A. Jessup of the Carnegie Corpora- 
tion recently reported that their income from 
invested funds had dropped from 4,5 percent 
in 1932-33 to 2.7 percent in 1942-43. 

The trend in tax policies makes it unlikely 
that individual citizens will find it possible 
to accumulate large fortunes with which to 
support or endow universities and other re- 
search organ^tions as they have in the past. 

The prospect of increasing government 


supervision and financing of our educational 
and research centers — ^which means, indi- 
rectly, increasing political control — ^presents 
a picture that calls for careful consideration. 
Granting that government support of re- 
search and education is wholesome and desir- 
able, many citizens feel that these areas of 
our social order should not be completely 
dominated by political agencies. The spirit 
of freedom and initiative is nowhere of 
greater importance than in the field of scien- 
tific research and education. A man’s inde- 
pendence in his search for scientific truth is 
about as fundamental and as sacred as his 
freedom to develop his own religious life. 
Therefore a judicious balance of independent 
support is desirable in these areas, in parallel 
with state support. 

Only a few industries have been able to 
provide for extensive research programs of 
a fundamental or exploratory type within 
their own organizations. Nearly everyone is 
familiar, of course, with the notable research 
conducted by the General Electric Company 
and the Bell Telephone Laboratories, but 
even such fine developments as these do not, 
in a broad sense, take the place of our uni- 
versities. Nevertheless, industrial leaders 
have developed an increasing appreciation of 
the contribution that unrestricted fundamen- 
tal research can make to industrial develop- 
ment and stability, as well as to the com- 
munity at large. 

By joint action the representatives of an 
industry can accomplish a number of things 
that would scarcely be possible otherwise. 
They can give a research program a degree 
of objectiveness and independence that a 
single firm could scarcely provide. They 
can organize broad, long-time research pro- 
grams involving a number of universities 
working cooperatively. They can cooperate 
effectively with the leading research men of 
the entire country, including Canada, in 
committees for developing advisory services 
and for direct cooperation in research. They 
can foster good will and cooperation within 
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the industry, and their forthright, public 
spirited action in supporting the Founda- 
tion’s program cannot escape public recog- 
nition and the deyelopment of good will 
toward the entire industry. 

Organization 

The financial plan for the Nutrition Foun- 
dation is apparently new in some respects. 
The entire approach to financing is on the 
basis of a continuing program, projected 
five years in advance. 

On becoming a member of the Founda- 
tion, each firm agrees to make its contribu- 
tion on a five year basis, and all funds re- 
ceived by the Foundation are scheduled 
accordingly. As new members come into the 
Foundation, the program can be enlarged, 
but the Foundation is continuously assured 
of at least a minimum budget through the 
five-year period. Therefore commitments on 
research projects can be made for as long 
as five years when necessary — and in basic 
research it is often necessary. Many of the 
firms have paid their entire commitment 
during the first or second year. This policy 
is encouraged for two reasons ; advance pay- 
ments will serve as a cushioning fund against 
years when current earnings may be low; 
and by paying the five-year contribution in 
full, future officers or directorates are not 
subjected to a binding commitment of their 
predecessors. Contributions, but not pledges, 
to the Foundation can be deducted in full 
against taxation. 

Each year the member firms are invited to 
extend their pledge an additional year, so 
that the Foundation is not placed in a posi- 
tion of going ahead full steam for a five-year 
period, with a risk of approaching collapse 
toward the end of the first five years. There 
has been a good response to the need for 
maintaining this projected basis for plan- 
ning. Nearly all the original members and 
most of the new members have extended their 
pledges into the sixth year. The total sum 
' pledged to the Foundation is now $1,428,000. 
Of this amount, ^26,600 has been paid out 
in research grants. 

In selecting the Board of Trustees, which 
^ the governing body, a number of out- 
. men were invite to ^rve as rep- 

public; spnong tikese are 


the Surgeon General of the United States 
Public Health Service and five university 
presidents. The public members of the 
Board are : F. G. Boudreau, Cason J. Calla- 
way, 0. C. Carmichael, W. C. Coffey, Karl 
T. Compton, Charles Wesley Dunn, Father 
Hugh O’Donnell, C. G. King, Thomas Par- 
ran, George A. Sloan, Ray Lyman Wilbur, 
M. L. Wilson, and Stephen S. Wise. 

Recognizing the public service nature of 
the organization, these men have attended 
meetings of the Board regularly and have 
shown an intense interest in what we are 
doing. Karl T. Compton, President of Mas- 
sachusetts Institute of Technology, is Chair- 
man of the Board, and George A. Sloan of 
New York is President. 

An important part of the organization is 
the Pood Industries Advisory Committee. 
These men serve both as an advisory group 
to the Foundation and as a means of main- 
taining contact between the Foundation’s 
program and the technical staffs of the mem- 
ber firms. In most cases the members of this 
committee are Directors of Research or Chief 
Chemists. The committee does not attempt 
to serve as a referee body or to pass upon 
specific grants, but the members play a very 
important role in building and guiding the 
organization. On them rests the practical 
and difficult task of providing the food that 
the public needs. 

Specific direction of the research program 
is in the hands of the Director and a Scien- 
tific Advisory Committee made up of fifteen 
outstanding research men, most of whom are 
in university positions. The group was 
selected primarily upon the basis of accom- 
plishments in pure research, hut of course 
some consideration was given to the need for 
different points of view, such as clinical or 
medical nutrition, agriculture, physiology, 
public health, the armed services, and the 
broad field of biochemistry, in which most of 
the fundamental research on nutrition is 
conducted. The committee meets at least 
twice each year for group discussions, and 
is frequently called upon by correspondence. 
No recommendations are made to the Board 
of Trustees regarding grants of any kind 
without flLrst receiving a favorable ballot by 
this committee. The program is thus kept 
completely independent of any one person 
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or firm, and there is a forthright commitment 
to make the funds as effective as possible in 
the development of a long-range program of 
fundamental research and education in the 
public interest. 

All these committeemen serve on a volun- 
tary basis, in the same spirit with which they 
would accept responsibilities in scientific so- 
cieties. 

Grants are made only to universities or to 
similar research institutions in the United 
States and Canada where there are oppor- 
tunities for outstanding research. To 41 
different institutions 87 grants have been 
made. In many instances there is close co- 
operation between men in different institu- 
tions who are working on special phases of 
broad problems. The grants range in size 
from $250 to $12,000 per year, and from one 
to five years in duration. Projects that de- 
velop especially well may be expanded. The 
largest single increase in 1943 was from 
$3,600 to $12,000. Many of the grants are 
in the range of $2,400 to $3,600 because such 
amounts will provide for well trained post- 
doctorate research fellows. It is our feeling 
that funds in support of graduate student 
and post-doctorate research fellowships, 
when supervised by men of outstanding at- 
tainment, will generally contribute most 
effectively to the development of pure re- 
search. 

Peogram 

For the present, projects that contribute 
to meeting the war emergency have first 
preference; for instance, research directed 
toward improvement of performance in trop- 
ical warfare, aviation, recovery from wounds 
and shock, and protection of civilian health. 
Specific examples of the Foundation’s proj- 
ects are given below. 

Exploratory or more fundamental stud- 
ies, Probably no other project is more char- 
acteristic of the Foundation’s program than 
Eose’s work on the human protein require- 
ment. It is unusual to have a single project 
so deserving of recognition in relation to all 
three phases of our program; namely, war 
work, public health studies, and purely ex- 
ploratory research. Giving sharp definition 
to the human protein requirement, his cur- 
rent studies follow logically upon his classi- 


cal studies during the past twenty years with 
albino rats. Closely related work is under 
way at Johns Hopkins University, Wayne 
University, and the University of Rochester. 

A second group of projects is concerned 
with basic problems in animal and human 
physiology. In time these studies will give 
information concerning the types of func- 
tional breakdown that are so prevalent be- 
yond middle age. The projects at Yale 
University and at Memorial Hospital in New 
York deal specifically with the role of diet 
in warding off cancer. Duryee at Columbia 
University is studying the relation of food 
intake to the strength of the blood vessels 
and the related resistance to shock. Projects 
dealing with liver and kidney function, from 
a chemical point of view, are being directed 
by du Vigneaud at Cornell University, Hoag- 
land (Rockefeller Institute) and Ealli at 
New York University, Luck at Stanford Uni- 
versity, and Hodge at the University of 
Rochester. 

In normal experience, more than half of 
the human body’s total energy is derived 
from the burning of carbohydrates, or 
sugars. In addition to providing a source 
of energy, such metabolism is basic to our 
whole body economy, including muscles and 
the specialized brain and liver cells. A bet- 
ter knowledge of such changes is certain to 
improve medical practice, as in dealing with 
diabetes, and it would be extremely helpful 
in understanding military, aviation, and in- 
dustrial fatigue. Grants in support of such 
studies have been made to Hastings and 
Westerfeld at Harvard University, to Stotz 
at Cornell University, and to Clarke and Stet- 
ten at Columbia University. Earlier basic 
studies of this nature now contribute to bet- 
ter aviation performance as well as to medical 
practice. 

Other grants in support of exploratory 
types of research deal with such problems 
as : the isolation of new vitamins ; the biologi- 
cal function of mineral elements, such as 
iron, copper, and calcium; the development 
of accurate methods for measuring the nutri- 
tive value of proteins and vitamins; the iso- 
lation of the catalysts that control combus- 
tion reactions in the body ; and the search for 
a reliable yardstick by wMch to measure the 
food intake — ^in other words to find the opti- 
mum levels of all nutrients that are essential. 
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Projects related closely to puMic health. 
The medical profession is beginning to feel 
confident that clinical or human nutrition 
has enough scientific standing to be recog- 
nized as a field for professional specializa- 
tion. Nearly every alert school of medicine 
and school of public health is now scouting 
for properly trained young physicians to 
build a teaching and research division of 
nutrition. 

A grant of $7,500 per year for three years 
was made last summer to aid Vanderbilt Uni- 
versity in building up a strong nutrition cen- 
ter. The project is supported jointly by the 
Rockefeller Foundation, the State Depart- 
ment of Public Health, and the Nutrition 
Foundation, and it involves cooperation be- 
tween the medical school and the public 
health services. Harvard University receives 
$5,000 per year to assist in the training of 
young physicians in the science of nutrition. 

The nation is gradually awakening to the 
seriousness of our ignorance regarding tooth 
decay. It was shocking to find that among 
the first two million men called to military 
service, dental defects were responsible for 
one-fifth of all the rejections. Hence Elveh- 
jem at the University of Wisconsin was given 
assistance to undertake a carefully planned 
study of the relation of nutrition to dental 
caries. For the time being he is placing 
special emphasis upon studies with monkeys, 
because they are the only animals similar to 
man both in nutritive requirements and in 
the development of their teeth. Projects at 
the University of California, Yale Univer- 
sity, and the University of Rochester supple- 
ment the work of Elvehjem’s laboratory. 

In Detroit Hoobler is studying the com- 
position of mother ^s milk as a basis for im- 
proving the diet of mothers and infants. At 
Cornell University Majmard has organized a 
parallel study of the composition of cow’s 
milk. The combined studies will establish a 
chemical basis for modifying cow’s milk 
when mother’s milk is not available. Both 
groups are collaborating with Longenecker 
of Pittsburgh in making a detailed study of 
the fats in mOk. 

Warkany at the University of Cincinnati 
has found interesting leads regarding the 
effleet of the mother’s diet upon malforma- 
ticms In offispring. Such deformities as 


cleft palate, poorly formed jaws and spines, 
and missing toes are induced in experimen- 
tal animals by poor diets; and, more im- 
portant, they are prevented in large degree 
by good diets. There is genuine interest in 
the possibility that these findings will explain 
some of the deformities in human offspring. 

Cereeedo at Fordham University is study- 
ing the relation of good nutrition to the ca- 
pacity for lactation in experimental animals. 
This work in New York and the foregoing 
studies in Cincinnati, Ithaca, and Pittsburgh, 
all add elements of strength to the observa- 
tions on maternal and infant nutrition at 
Detroit. 

At McGill University, Struthers and 
Hunter are undertaking a study of the pro- 
tective role of good nutrition against rheu- 
matic fever in children. Coburn, whom the 
Foundation is helping at Columbia Univer- 
sity, has been getting very encouraging re- 
sults in preventing the recurrence of rheu- 
matic fever in children by means of good 
food. It should make a fine contribution to 
better child health if Coburn’s work can be 
confirmed and extended in the Canadian 
laboratories. 

Illustrative data (Table 1) taken from a 
recent paper by Burke, Beal, Kirkwood, and 
Stuart of Harvard Medical School, point 

TABLE 1 

Eblatioit op Home Food Practices to Maternal 

AND Infant Health, Based Upon 216 Cases, 
Over a Period op Twelve Years^ 


Mother’s diet 

Infants 
classed 
as ^‘su- 
perior” 

Infants 
classed 
as “poor- 
est” 

Inci- 
dence 
of pre-ee- 
lampsia 
among 
mothers 


Fercent 

Fercent 

Fercent 

Good or excellent^ 

56 

3 

0 

Fair 

35 

18 

8 

Poor or very poors . 

9 

79 

44 


1 These studies were conducted before the Nutri- 
tion Foundation was organized. 

2 Approximately the levels recommended by the 
Food and Nutrition Board of the National Besearch 
Council, 1943. 

3 Approximately 40 to 60 percent of the Becom- 
mended Dietary AUowances of the National Re- 
search OouneU. 
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convincingly toward the contribution to pub- 
lic health that good nutrition can make in 
America. 

PuhUcations, The only publication sup- 
ported by the Foundation is a new journal, 
Nutrition Reviews, Its purpose is to make 
available to physicians, teachers, public 
health workers, food technologists, dieticians, 
and others who are professionally responsible 
to the public, a critical, unbiased review of 
the world’s current literature in the science 
of nutrition. The editorial staff is selected 
from experienced, independent research 
people. Paid subscriptions to the journal 
have grown steadily, without any promotion 
or advertising, at the rate of over fifty new 
subscriptions per week, the total exceeding 
3,500 within the first year. A Portuguese 
edition is now published in Brazil, under the 
supervision of Dr. J. De Castro. 

A byproduct of membership in the Founda- 
tion, in a number of cases at least, has been 
to increase the support of research by mem- 


ber companies within their own organiza- 
tions. At each meeting and during interven- 
ing discussions, I believe that the trustees of 
the Foundation see more clearly that re- 
search should have both immediate, or ap- 
plied, and exploratory aspects, and they are 
increasingly sympathetic toward long-time 
objectives in nutrition research. 

No doubt each industry will approach its 
support of research from slightly different 
angles, but thus far no serious flaws have 
shown up in the pattern of organization of 
the Foundation. Within the past few 
months, the Sugar Research Foundation and 
the Refrigeration Research Foundation have 
been established along similar lines, but with 
greater emphasis on applied research. Sev- 
eral other industries have comparable plans 
under consideration. 

Each grant made by the Nutrition Founda- 
tion is an investment in better public health, 
more intensive training of young people in 
research, and a higher level of public service 
on the part of the food industry. 



THE INCENTIVES OF SCIENCE 

By C. JUDSON HERRICK 


The annals of science, of art, of industry, 
and of pHlanthropy record niunberless in- 
stances of persons who have sacrificed their 
own profit and comfort, and even family wel- 
fare, to an ambition which to the more prac- 
tically minded may seem visionary, perhaps 
even fanatical. When Palissy, the potter, 
burned the family bedstead in his furnace to 
salvage an experimental enamel and when 
Walter Reed^s heroic band voluntarily inocu- 
lated themselves with yellow fever to test a 
theory, these men were not motivated by 
craving for fame or hope of royalties that 
might accrue from their discoveries. They 
wanted to know something, and no price was 
too high to pay for this knowledge. 

This craving for knowledge is the basic 
motivation of all great scientific work and, 
accordingly, modern science has elaborated 
a code of procedure designed to check the 
accuracy of our knowledge in every practi- 
cable way. The accumulation of factual 
data is made as complete and exact as pos- 
sible, and the validity of every fact is checked 
against its congruence with all other relevant 
experience. This body of verifiable facts 
bulks so large as the foundation of aU science 
that science is often defined as factual knowl- 
edge systematically organized, and nothing 
dse. 

This conventional code, like every other 
formal Credo, misses the crucial issue. It 
substitutes static intellectual belief for the 
vital process of productive activity. Science 
is not a dead structure erected upon this or 
any other foundation. Factual knowledge 
is only the substrate from which living sci- 
ence grows, and when growth stops science 
withers and what remains is dogma. No 
single fact or principle of science may be 
accepted as absolute truth. Our *^laws of 
nature’^ are all subject to revision in the 
light of new evidence. A dogma held to be 
fibaal may obstruct progress for centuries, as 
happened in the case of phlogiston and the 
fediTOible alum. 

^lA^ing science does not grow by accretion 
of m a glacier is enlarged by precipi- 


tation ; it grows by intussusception like every 
other organism. When new facts are fitted 
into the growing structure, the pattern of 
the structure itself may be changed as radi- 
cally as is that of the tadpole when it be- 
comes a frog. This happened, for instance, 
at the time of Copernicus, and in our own 
day quantum mechanics is activating a 
similar metamorphosis. 

Traditional dogma is as treacherous in 
science as in philosophy and religion. Our 
slogan is: what is the evidence? The print- 
er’s rule, “Follow copy if it goes out the 
window,” may be recast — “Follow the evi- 
dence come hell or high water.” But the 
meaning of a fact, say the spectrum of a star, 
may be quite different now from what it was 
before Einstein. Facts have meaning, not in 
themselves, but only for people, and when 
people change as their experience is enlarged, 
the principles of science reflect this change. 
For science is made by people. It is a grow- 
ing thing because the people who create it 
are growing, and science grows by its own 
internal agencies in just the same way. A 
search for eternal verities by the scientific 
method is a vain quest. At present the 
principles of relativity dominate the picture. 

The implications of this way of looking at 
science involve drastic revision of some of 
our most cherished dogmas. If science is 
motivated and quickened by human interest 
and if its pattern is designed in terms of 
ever widening human experience, then to 
dehumanize it is to kill it. 

The devotees of science — ^I mean so-called 
pure science — ^who live perhaps with their 
heads in the clouds, are the pilots of our 
destiny; but they are not flying blindly. 
The course must be charted with reference 
to known and stable landmarks on the 
ground, if not by eye, then in some other 
way, perhaps by faith. But this faith is not 
blind. It is guided by rational interpreta- 
tion of previous experience with the realities 
of thills as they are. Without these con- 
tacts they lose their way and perhaps crash 
in disaster. Scientific truth is appraised in 
460 
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terms of its meaning for people wlio live on 
the ground and who must adjust their lives 
to the terrain where they make their livings. 
Facts have no meaning for us except as 
means to an end, the objective being survival 
and getting as much satisfaction out of it as 
possible. 

It follows from this that we must give up 
the notion that science is a body of objective 
facts and impersonal abstractions. It is 
intensely personal, for there is a person at 
the focal point of every great discovery and 
the discovery itself is a reflection of this per- 
sonality. It is significant only to other per- 
sons and what that significance is depends in 
turn upon their own personal experience and 
qualifications. It has meaning for any one 
only in terms of his own pattern of life. 
Some of the most futile people I have ever 
known are very learned men, stored with 
vast accumulations of knowledge, none of 
which is of any significance for them or any- 
body else because they cannot articulate it 
with the pulse of life as it is actually lived. 

The achievements of science and its tech- 
nological applications have enormously in- 
creased the production of goods, with cor- 
responding enlargement of wealth and op- 
portunity for better standards of living. 
But at what cost? Clever mechanical de- 
vices perform our menial tasks and thus free 
our hands for more satisfying activities. 
But what use are we making of this gift of 
leisure? Do these gadgets which save time 
and almost annihilate space really yield those 
values which make life more satisfying? 
That depends on the quality of the people 
who use them. 

There are many who claim that the en- 
croachments of science resemble cancerous 
growths that threaten aU human values and 
virtues. Bertrand Russell has said, “The 
sphere of values lies outside science,’^ and 
when science “takes out of life the moments 
to which life owes its value, science wiU not 
deserve admiration, however cleverly and 
however elaborately it may lead men along 
the road to despair.^’ 

Science has been accused of many crimes 
of which it is quite innocent, but here is a 
place where past failures are discreditable. 
Our failure to readjust the objectives for 


which we work and the methods of operation 
so as better to serve the major human issues 
now before us in the management of our 
personal affairs and social relations has 
tragic results. The responsibility for this 
failure to meet urgent opportunities and ob- 
ligations lies with men of science themselves. 
Here I speak with deep conviction and, as a 
contrite sinner, with great humility. We 
men of science have failed to appraise our 
own values intelligently and to instfll them 
into our pupils as skillfully as we might, 
had we tried harder to do it. Too often we 
have stubbornly refused to admit the truth 
recently voiced by a sociologist, that “values 
represent no special or unique problem in 
the social sciences” and that science — all 
science — can practically deal with human 
values and does so, whether we acknowledge 
it or not. 

Bertrand Russell truly says that the tradi- 
tion of our cult is that the sphere of values 
lies outside science. If this tradition must 
be complacently accepted, I should be in- 
clined to agree with him that such a science 
“is incompatible with the pursuit of truth, 
with love, with art, with spontaneous de- 
light, with every social ideal. ...” But this 
is a hideous caricature of actual science. It 
is false to the history of science, to present 
practice, and to our hopes for the future. 
When Ogden and Richards say that “scien- 
tific meaning is a pure pointing to things 
without attitude or indication of behavior,” 
this is to throw into the discard the vital 
germ of untrammeled imaginative thinking, 
leaving in our hands only the dead husk that 
can be so easily weighed, measured, classi- 
fied, and then stowed away in the warehouse 
as a museum specimen or a printed document. 

If science had no interest in human values, 
there would be no science at aU. Nobody 
would devote his life to the investigation of 
fundamental problems of no obvious immedi- 
ate practical significance if he did not feel 
that he was getting something worth-while. 
The expenditure of long hours of gruelling 
toil must yield some return which is consid- 
ered of sufficient worth to justify the cost. 
These values cannot be ignored by that sci- 
ence which is motivated by them. They are 
not decorative accessories of scientific work; 
they are intrinsic components of science as 
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it is actually practiced. This is true iu all 
fields of science, and when we look at the 
social sciences we find these human interests 
and values at the core of every problem. 
Here the past failures arise from failure to 
recognize this obvious fact. We can never 
hope to find the answers to the questions of 
most vital concern to us by ever so clever an 
application of a scientific method which ex- 
cludes the essential features of the problem 
from its formulation. 

Values belong in science because they be- 
long in nature, not only in human nature, 
but in all animate nature. Some of our most 
expert philosophers describe a value as a 
polarized relationship between a living indi- 
vidual and the object of interest, craving, or 
need, from which it follows that ‘‘satisfac- 
tion is the touchstone of value’ ^ (Santayana) . 
Now, aU animals have needs and all animal 
behavior, including human conduct, is an 
expression of the “satisfaction of the moti- 
vating conditions” (H. A. Carr). This 
satisfaction is a value, whether it is achieved 
unconsciously, as in reflex, or by intelligent 
purpose, as in making a dinner or painting a 
picture. There is, then, in nature a hier- 
archy of values, from elementary survival 
value common to all living creatures up 
to human desires, hopes, and aspirations. 
These values motivate conduct; they inhere 
in aU vital activity as such. Let us then 
leave our values where we find them, in the 
natural world, and then in terms of actual 
experience with them try to sort them out 
and to appraise their relative worth in ad- 
justment to life’s situations as they arise. 

The advancement of science will go faster 
and further if we attend to these intrinsic 
valu^ sympathetically and constructively. 
This may require more of insight and cour- 
age than some timid laborers can command, 
but th^ “hodmen of science” are not the 
anshitects of our destiny. It is, I am sxue, 
a practicable enterprise to write a natural 
Mstory of values along the lines suggested, 
and the preparation of such an essay would 
good sport for a qualified naturalist. 

^ Thm view of the place of value in science 
; ,I Joeument from my own personal ex- 
'in acientiSc mvestigation. As a 
eoj^^ed a considerable 
iwraing my 


observations and reflections upon them. 
Why? Well, for one thing, because I like 
to do it and get satisfaction from finding out 
things about my own body and how it works. 
And also because I think that this knowledge 
is good for me and for all other people. If 
I did not feel this way about my work, I 
would not do it, but would earn my living in 
some other way. So I am looking here at 
the life of science and the aims and methods 
of science from the inside of the workshop, 
from the standpoint of the man who is doing 
the job. 

Toward sundown as I look back over the 
day’s work it is natural for me to ask, “What 
is the good of it? Does my business pay? 
If so, in what coin?” I am speaking now, 
not of my job as a teacher, for that business 
I am sure is profitable. Good teaching per- 
haps yields larger returns in public welfare 
and personal satisfaction than any other job 
on earth. I believe in it and I like it. But 
a large part of my time and energy has been 
devoted to scientific investigation, and for 
this also I have been well paid. After more 
than fifty years of intense preoccupation 
with these studies, none of which have any 
immediate practical applications, it is fitting 
to inquire whether the investment has yielded 
adequate returns. 

In science we are searching for the truth, 
searching with singleness of purpose and 
with all our might. This search costs time, 
effort, and money. Now we are solemnly 
assured by eminent authorities that in this 
search human interests and values have no 
place. If found at aU, they are by-products 
or a contamination. The ideal of pure sci- 
ence which has been set before us is so re- 
fined — ^“truth for truth’s sake” — ^that the 
values are swept away in the flux as dross to 
be thrown out or turned over to technology. 
Out of this slag applied science may make a 
fortune, in cement or something, and pure 
science has left — a truth. And science is 
content, perfectly satisfied. 

But something is wrong here. Satisfac- 
tion is a value, so our philosophers say. 
Maybe the truth is valuable; it is certain 
that it often gets us out of tight plac^. 
Puddin’ head Wilson’s advice is safe, “When 
in doubt tell the truth.” So when science 
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in her disdain of values achieves a truth and 
finds satisfaction, she automatically creates 
value in spite of herself. 

These values of pure science are so in- 
extricably intertwined with those of applied 
science that the old distinction between these 
two fields has faded out of the picture. We 
are reminded of Karl T. Compton’s acute 
comment that science provides ^‘a way of 
securing a more abundant life which does not 
simply consist in taking away from some one 
else. Science really creates wealth and op- 
portunity where they did not exist before 
, . , a cooperative creative effort in which 
everyone is the gainer, and no one the loser.” 

When these teachers of philosophy and 
scientific method assure us that science 
knows no values, just what do they mean? 
Well, for one thing they would impress upon 
us that the first task of science is the orderly 
arrangement of the facts of experience into 
a coherent system of knowledge. The ideal 
held before us here is an impersonal and 
unprejudiced judgment in the separation of 
the true from the false and the systematic 
arrangement of the facts discovered, stated 
so far as possible in quantitative form. Prom 
the uniformities thus revealed the so-called 
laws of nature are formulated, not as per- 
sonal opinions, but as verifiable objective de- 
scriptions of natural things and events. In 
this first task the most treacherous of all 
subversive enemies of sound scientific 
progress is the bias arising from unrecog- 
nized personal attitudes, interests, and pre- 
conceptions. There is a ‘‘personal equation” 
here which never can be completely elimi- 
nated. The best we can do is to try to 
recognize it and make due allowance for it 
with all appropriate checks and counter- 
checks. 

So far we are on safe ground. There is 
general agreement that this is sound scien- 
tific method. According to the generally 
accepted code this is all there is of science; 
its task is finished. This I deny and main- 
tain that this first step has merely laid a 
firm foundation for further building. Sci- 
ence is unfinished and indeed futile until 
the superstructure is added. We want to 
know what these facts mean, not to some 
detached omniscience, but in terms of actual 
human interests and problems of adjustment. 


Attention has already been called to the 
joker concealed among the building stones of 
the factual foundation, for this knowledge of 
facts and principles so laboriously acquired 
is all derived from human experience; no 
other kind of evidence is admissible accord- 
ing to the code. And experience is always 
experienced by somebody with human inter- 
ests, limitations, and imperfections. The 
easy way out of the difficulty is to ignore the 
troublesome personal factors, but actually 
this cannot be done, and we cannot afford to 
try to do it, for, as already pointed out, the 
interest and attitude of the investigator are 
key factors without which an inquiry would 
not be made in the first place and the result 
would be fruitless in the end. 

No, this is not the way out. It is as im- 
portant in scientific research as in teaching 
that the facts have meanings. Until these 
meanings are revealed, either by the discov- 
erer of the facts himself or by some successor, 
the accumulated knowledge is a token of 
potential value like gold dollars stored in a 
government vault. So long as it remains 
in the vault it has no value except as reserve. 
To be productive it must be put in circula- 
tion. So knowledge which does not touch 
human life would not be worth anything. 
The saving feature of this situation is that 
all knowledge does touch life. Sooner or 
later it will be fitted into place as part of the 
armamentarium of successful human adjust- 
ment, so that our stores of even apparently 
useless knowledge comprise a valuable reserve 
upon which drafts are constantly drawn in 
the promotion of new enterprises. All ad- 
vance in pure science and most of the in- 
ventive marvels of applied science are di- 
rectly dependent upon these stores of ac- 
cumulated knowledge, much of which was 
acquired with no expectation of immediate 
practical application. The investment is 
sound because the token represents real value 
as soon as it is put into circulation. 

The conclusion is that the natural sciences 
are afflicted with the same malady which has 
recently been diagnosed in the humanities. 
It is not a paralysis which inhibits activity, 
but a defect of vision, of that inner vision 
that we call insight, which confuses the vital 
issues. It is not like a cataract that obscures 
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ail vision j it is a mental squint complicated 
by myopia, scotoma, and astigmatism, re- 
sulting in distortion of everything in the 
field of view. This has a shocMng sound and 
it really is bad because, though we may be 
going very fast, we do not arrive anywhere 
and we stop before the job is finished. 

The ultimate aims of humaniste and sci- 
entific activity are the same — ^to enrich life 
and enhance its satisfactions — ^but as we take 
our devious ways, blazing trails through the 
untrod wilderness of unpredictable and con- 
fusing new experience, attention is distracted 
by interesting detail on the way and the pri- 
mary objective is lost to view. 

We want something better than what we 
have now, and we want to be better than we 
are now. But what is better ? There is only 
one way to find the satisfying answer. Not 
by wishful thinking, not by disputation about 
transcendental mysteries of absolute truth, 
right, and perfection, but by actual experi- 
ence with the various things that we prize and 
work for, measuring the satisfaction won by 
the price we have to pay. If content with 
shoddy values, life is shabby. It does not 
follow that the cheap values are most easily 
won, for a gaudy bauble may cost more than 
priceless treasure and our choicest satisfac- 
tions are free as air. 

Of course pure air is not free if my neigh- 
bor fouls it with noxious fumes and it may 
cost me an expensive lawsuit to be rid of the 
nuisance. So every interest that we have is 
directly or indirectly tied into our social 
relations. In this soil we find the roots of 
altruism whose flower gives us our choicest 
satisfactions. As has often been pointed out, 
our moral values top the list even when 
viewed from the scientific standpoint, for 
social opportunities and obligations form the 
cement which holds society together. With- 
out intelligent adjustment here civilization 
perishes and we perish with it. In the long 
view moral rectitude has actual survival 
value. This lesson, which all of us are slow 
to learn, is now being taught to some crimi- 
nal aggressors the hard way. 


Our standards of value, of what we prize 
and work for, have actually been built up in 
terms of human experience. The analysis of 
this experience in the light of what we want 
and what is available for its acquisition in- 
volves a judicious selection from among all 
the desirables before us. This judicial ap- 
praisal of our values is essentially a scientific 
problem. Science will not fail us here if we 
have the insight and the courage to follow 
whithersoever it leads, but it is powerless to 
help us in this quest unless released from 
those fetters of traditional dogma which 
hitherto have crippled its efficiency in this 
domain of major human interest. Only when 
science is keenly alert to its own values can 
it contribute anything toward judicious 
pursuit of other values. A science which 
renounces its own intrinsic values is blind and 
dumb in that domain where keen discrimina- 
tion and courageous speech are most needed. 

The cardinal thing about science is not 
its facts or its principles ; it is its method of 
enlarging experience and solving problems 
in terms of that experience. Science is not 
an inert body of knowledge; it is a way of 
life. The life of science must not be con- 
fined in the ivory towers of academic seclu- 
sion nor within the soot-begrimed walls of 
industry. It must infiltrate, quicken, and 
guide every human enterprise. This requires 
trained and disciplined leadership by men 
of science who are willing and eager to ac- 
cept, not only the opportunities given them 
by society, but also the social obligations 
which acceptance of these gifts implies. 

The life of science is not all of life. The 
rare idealism which motivates production in 
research, in literary and artistic expression, 
and in philosophical inquiry is not a scien- 
tific product, a figment of imagination, or a 
religious dogma. It is the highest manifesta- 
tion of life, of all of life and the fullness 
thereof. The task of science here is by hon- 
est inquiry in aU humility to seek for gui- 
dance in the search for what is true, what 
is good for us, and what will make life 
richer and more satisfying. 
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THE CAUSATION OF DISEASE 

The evolution of etiologic thought, like 
other evolutions, has been a long, slow, and 
often painful process. Primitive man, re- 
quiring some explanation for mysterious 
aches and weakness, sought solace in placing 
the blame on supernatural influences. This 
absolved him of responsibility for his own 
illness. Demonology, and later, Divine 
Wrath had their vogue as men shifted more 
and more responsibility from themselves unto 
God. Later came dim awareness of the rela- 
tion of epidemics to certain environmental 
factors (the relation of malaria to swamps) 
and the appearance of many vague theories 
of ‘‘miasmata,’' “vapors,” and “humors.” 
Though there were glimmerings of the con- 
cept of contagion during the terrible epi- 
demics of the Dark Ages, modern etiologic 
thought began with the epochal discoveries 
of Pasteur, and the birth of the new science, 
bacteriology. 

Pasteur’s discovery that certain diseases 
were due to invasion by microorganisms or 
bacteria was quickly followed by Koch’s 
equally significant studies concerning the 
specificity of the organisms responsible for 
specific disease entities. Koch declared that 
the etiologic relation of a microorganism to 
the causation of disease was not demon- 
strated without fulfillment of the following 
conditions: (1) the microorganism is present 
and demonstrable in every case of the dis- 
ease; (2) it is cultivated in pure culture; 
(3) inoculation from such culture must re- 
produce the disease in susceptible animals, 
and (4) it must be reobtained from such ani- 
mals and again grown in pure culture. 
These postulates of Koch became the basic 
law of the new science. Feverish research, 
spurred by the hope that in this vast realm 
of pathogenic bacteria would be found the 
explanation of all disease, led to many bril- 
liant and invaluable discoveries. One after 
another, the specific organisms of infective 
diseases were identified, isolated, and studied. 
The science of immunology developed as a 
collateral branch. Diphtheria, typhoid fever, 
the dread “summer complaint” of infants, 


plague, cholera, and several other diseases, 
were quickly controlled, once their infective 
origin was ^own. The causative organisms 
of many other diseases, such as tubercu- 
losis, pneumonia, meningitis, gonorrhea, and 
s 3 rphilis, were also discovered, but effective 
methods of combating these infections are 
developing more slowly. Planned chemo- 
therapy appeared with Ehrlich’s studies on 
S3aithetie arsenical compounds, effective 
against the spirochete of syphilis. Only in 
the last few months, the various sulfa com- 
pounds and, still more recently, penicillin, 
have opened new avenues of attack upon the 
dread coccal infections. Eefined laboratory 
methods have revealed the existence of the 
still more minute viruses, ultramicroscopic in 
size and apparently molecular in nature. 
The viruses belong in that hazy borderline 
between the living and the nonliving. 

But the dreams and hopes of the earlier 
bacteriologists have not materialized. Invad- 
ing microorganisms do not cause all disease, 
and even when they are involved, they are 
not the sole cause of infective diseases. The 
concept of specificity, though invaluable in 
preventing many hasty and erroneous con- 
clusions, also blinded many scientists to the 
fact that disease follows only when the germ 
invades a vulnerable host. A seed in uncon- 
genial soil does not flourish. It is only in 
the last few years that adequate attention 
has been paid to the condition of the host 
prior to, or during, bacterial invasion. Fur- 
thermore, some diseases are in no way etio- 
logically related to infections. The search 
for microorganisms and viruses as causative 
agents in cancer has been extensive and 
painstaking ; the results negative. Diabetes, 
arteriosclerosis, high blood pressure, gout, 
goitre, and many other so-called “degenera- 
tive” disorders arise without the slightest 
suggestion of infection as a cause. 

But the idea of specific causation is not 
yet dead ; a new menace has been discovered 
in nutritional deficiencies and there are those 
who now wish to attribute almost every 
human ill to nutritional defects. They too 
are doomed to fail, though from their failure 
467 
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much good will come, for certainly some dis- 
orders are due to defective nutrition. Sci- 
ence is vulnerable to fads and fashions. We 
must be constantly on our guard not to be 
carried away by “ fashionable enthusiasms. 

The essential message of this brief and ob- 
viously incomplete survey of etiologic think- 
ing in medicine, is that causation is always 
a combination of multiple factors. Nothing 
happens from just a single cause. This is 
as true of wars, marriage, explosions, floods, 
or earthquakes, as it is of disease. It would 
be immensely beneficial to all our thinking 
if the singular of the word '‘cause’’ were 
deleted from our vocabularies, and the more 
flexible term "causative factors” used in its 
place. 

Causative influences are amenable to analy- 
sis. They fall under three categories : pre- 
disposing factors, provoking factors, and 
perpetuating factox’s. These three types of 
influences are invariably present in the 
causation of any and all illness, although 
they are not necessarily of equal importance. 
Disease is comparable to the long famous 
illustration of the camel’s spinal fracture; 
it was not just the "last straw” that broke 
the back of this unfortunate beast of burden, 
but this last whisp of cellulose plus all the 
previous load, which may have been straw 
or hay, or figs, or bricks, or harem ladies, or 
kegs of wine 1 And in no two instances were 
these predisposing factors necessarily identi- 
cal. 

We know that almost every adult bears 
the scars of healed early lesions of tubercu- 
losis in Ms lungs, though he does not have, 
nor has he had, clincally active tuberculosis. 
The provoking factor, the tubercle bacillus, 
is there. Nothing serious happens because 
the factors predisposing to invasion are ab- 
sent. The potentiality of disease, however, 
remains. Fatigue, intoxications, other infec- 
tions, or exposure may so lower the barriers 
resistance that the latent infection be- 
comes active. Obviously, the condition of 
the host is equally significant with the pres- 
of tubercle bacilli. 

5 : cause” of cancer win never be found, 

cause” of hypertension or arterio- 
Modem i?^^rehes are revealing 
mm are ike 


ability, exciting agents, nutrition, infection, 
intoxications, and perpetuating factors in- 
trinsic in the pathogenesis of many chronic 
and progressive disorders. Bacteriology will 
not solve the riddles of chronic heart disease, 
arteriosclerosis, cancer, or diabetes. Nor will 
any simple formula, resembling the rigid 
dicta of Koch’s postulates, apply to all cases 
of any one disease. The concept of specific 
entities and specific causes has been over- 
worked. The degenerative diseases overlap ; 
the etiology of each and every case, though 
following general patterns, differs in detail. 
What we are today is because of what hap- 
pened to us yesterday. And each of us has 
had different yesterdays. 

A more general appreciation of the signifi- 
cance of the above fundamental classification 
of causative factors, and greater individuali- 
zation in etiologic analysis of instances of 
disease must improve medical practice. The 
significance of causation lies in the fact that 
effective treatment, whether preventative or 
curative, is predicated upon thorough elimi- 
nation or control of causative influences. 
We can hardly expect to obtain a lasting 
cure of a sore heel, if we neglect the nail in 
the shoe. 

Edward J. Stieglitz 

PHYSICAL ANTHROPOLOGY AT WORK 

How big is a big man? How little is a 
little man? How big is an average man? 
Big, little, average size must be known in 
absolute terms, but also proportions and 
body-types: Long arms or short? Long legs 
or short? Slender or heavy build? These 
questions are vital for plane and tank de- 
sign, for clothing sizes, for oxygen masks, and 
for many other details involving Aviation 
and Army personnel and materiel. The 
answers are being worked out by the MatSri-el 
Command at Wright Field under anthro- 
pologists: Lieuts. Francis Randall, Albert 
Damon, Robert Benton, and Dr. Alice Brues. 

The initial approach to the problems now 
being studied was a reflection of the fact that 
in this war aviation has come into promi- 
nence : flying suits and their numerous gad- 
gets had to be sized precisely to fit into 
restricted spaces; escape hatches had to be 
sealed to body-size and build; most serious 
of all, gun tumrets restricted personnel size. 
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It became necessary, therefore, to carry on 
precise and large-scale anthropometric stud- 
ies of the physique of the young American 
males going in for pilots, gunners, and 
‘ bombardiers. 

The first problem successfully attacked 
was that of types of oxygen-masks. Heads 
and faces differ from man to man, so that a 
single standard size and shape could not 
guarantee the careful and necessary fit. As 

result, a series of standard head-forms 
'were established so that within each form- 
category there could be guaranteed a high 
measure of safety and precision. 

In the study of size and build, standard 
for turret gunners, the anthropologists gath- 
ered not only an impressive array of statis- 
tical data, but constructed three lifelike and 
adjustable plastic manikins that could be 
sent directly to designers and manufacturers 
for test-construction jobs. Elaborate studies 
were carried out to test visibility factors in 
gun turrets, correlated with positional ad- 
justment and range of vision. 

W. M. Krogman 

CONSERVATION OF RUBBER 

As the necessity for conserving existing 
rubber articles continues, it may be helpful 
to review the properties of natural rubber, 
particularly those that have a bearing on its 
deterioration. Those who keep these proper- 
ties in mind and take care of rubber goods 
accordingly can greatly extend the useful 
life of these articles. 

Davis and Blake in The Chemistry and 
Technology of Rubier (A.C.S. Monograph 
74) point out that oxygen of the air reacts 
with all soft rubber to bring about its de- 
terioration. As this reaction progresses, the 
rubber becomes softer, losing tensile strength 
and elastic recovery properties ; then it 
finally hardens. This reaction is hastened 
by increase in temperature, by direct sun- 
light (and to a smaller extent by diffused 
light), by tensional stresses in the rubber, 
and by contact with certain chemicals and 
metals, especially copper and its alloys and 
compounds. 

To demonstrate the accelerative effect of 
sunlight on the rate of oxidation and conse- 
quent deterioration of soft rubber, the writer 
recently made the following comparative 


test : One strip of rubber was exposed to di- 
rect sunlight for two days ; a second similar 
strip was not exposed to sunlight. Then 
both strips were placed for the same length 
of time in a bomb under high pressure of 
pure oxygen. At the end of the exposure to 
oxygen, the first strip had become hard and 
brittle, whereas the second strip was still soft 
and flexible. 

Rubber is not only deteriorated by oxida- 
tion but is adversely affected by organic 
liquids. It is swelled and softened by pe- 
troleum oils, turpentine, chlorinated hydro- 
carbons, dry-cleaning and metal degreasing 
solvents, most vegetable oils, and some fats. 

In recent years the compounding of soft 
rubber articles has been improved to a re- 
markable degree so that under favorable 
circumstances such articles give many years 
of service. Under unfavorable conditions of 
storage or use the rate of deterioration may 
increase tremendously. 

The results of the unfavorable conditions 
just mentioned are commonly observed ; for 
example, hardening of overshoes and rain- 
coats stored in a hot attic all summer, hard- 
ening of rubber bands when left stretched 
around a bundle of papers or becoming 
sticky and then hard if left in the sun, crack- 
ing and failure of rubber boots along the 
creases after having been stored folded (the 
outer surface of the rubber at the fold is 
under tension), failure of rubber garden 
hose where it is frequently kinked near its 
attachment to a fitting or where it is hung 
over a nail, failure of rubber parts on house- 
hold gadgets where the rubber is in contact 
with copper or brass parts, or swelling and 
softening from contact with oils. 

Ozone has an exceedingly rapid cracking 
effect on soft rubber which m under even 
very slight tension. Ozone forms from oxy- 
gen around electrical equipment, particu- 
larly high voltage equipment. 

Rubber is also subject to failure by ‘^flex 
cracking,^' when subjected to continuous or 
repeated stresses. 

One of the most useful of the properties 
of rubber is its resistance to abrasion. Vogt 
has attributed this to “. . . its relatively 
enormous capacity for storing energy. Its 
energy storage capacity to the point of rup- 
ture far exceeds that of any other material.’^ 
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It is this property which makes rubber 
unique for tires for motor vehicles. How- 
ever, tires do eventually wear out, and the 
wear is the result of abrasion. The rate of 
wear also will be affected by the chemical 
factors of deterioration mentioned above. 

No authority has been found for the com- 
mon assertion that tires will deteriorate 
faster in storage than if they are being used. 
It is true, however, that tires deteriorate even 
when they are not being used, and with im- 
proper storage and care they may deteriorate 
faster than with careful use. 

The mechanical aspects of care of auto- 
mobile tires are well known, if not always 
practiced, but the chemical aspects need 
greater emphasis. In view of the recognized 
destructive effect of sunlight on rubber, the 
writer suggests the use of shields or shades 
for tires parked in the sun. The shades could 
be made of fiber board of suitable shape and 
designed to fold for carrying in the ear when 
not in use. Such shields might be distributed 
as an advertising medium by local or national 
advertisers. 

The facts outlined above yield this brief 
admonition: Keep ruller clean, cool, dark, 
and undistorted! 

Egbert S. Casey, 

W. A. Sheaffer Pen Company 

CONDENSER PAPER 

So widely has paper been used in the tele- 
phone plant, and so well has it performed, 
that even with the multiplicity of new mate- 
rials available today, it would be difficult to 
replace. One of its most important uses is in 
condensers, those electrical springs’’ which 
absorb energy on rising voltage and give it 
out on faHiag voltage. A condenser is essen- 
tially two sheets of aluminum foil separated 
by a sheet of paper; for compactness the 
three are wound into a roll. Beturning to 
the mechanical analogue, the foils are merely 
bearing-pads to dtetribute the stress; the 
springiness is entirely in the paper. That 
places three requirements on the paper: it 
must absorb as much energy as practicable 
per unit volume, it must waste as little as 
pcH^ble in internal heat, and it must with- 
stand tike voltage without breaking down. In 
the jfrst particular, paper can be gi^tly im- 
proved by impr^ating it with chlorinated 


liquids and waxes, and such paper condens- 
ers with aluminum foil electrodes have served 
the purposes of the telephone plant ade- 
quately for a number of years in places where 
temperatures and voltages are moderate. 
However, as the demand arose for more com- 
pact apparatus and higher unidirectional 
voltages and temperatures, it was found 
from laboratory tests that this combination 
did not provide a comfortable margin of 
safety. A study was therefore undertaken 
to discover the causes of failure under these 
more severe conditions. 

Two types of paper have been commonly 
used for condensers. One is a linen paper, 
which is chiefly pure cellulose; the other is 
Kraft paper, typified by the common brown 
wrapping paper of commerce and which con- 
tains relatively large amounts of lignin, 
pentosans, and ash. It had generally been 
assumed that linen paper, because of its pur- 
ity, would perform as well as, if not better 
than, Kraft paper, but life tests at elevated 
temperatures, involving continuous compara- 
tive measurement of electrical leakage, 
showed Kraft paper to have a life of four 
or five times as long as that of linen paper. 

On dismantling the condensers after or 
shortly before failure, decomposed areas 
were found scattered throughout the paper. 
These areas were brown and embrittled, giv- 
ing evidence of partial carbonization, and 
such areas appeared much earlier in linen 
paper than in Kraft. Only at much higher 
voltages do the Kraft papers show decom- 
position in time comparable to that of linen 
paper at 120 volts. 

To find the reason for the different be- 
havior of the two papers was the problem 
that challenged research. Here were two 
simple structures having only three compo- 
nents, paper, impregnant, and electrodes, 
and both identical except for the paper, yet 
showing widely different characteristics. 
The first step was to determine the impuri- 
ties in the decomposed areas of failed or 
nearly failed condensers. 

To accomplish this, a mierochemieal tech- 
niqne was employed, A section of linen 
paper containing decomposed areas was cov- 
ered with a sheet of indicator paper impr^- 
nated with barely alkaline phenolphthalein. 
The indicator was decolorized in spots cor- 
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responding exactly to the decomposed areas, 
demonstrating the presence of acidity. An- 
other sheet of paper containing decomposed 
areas was similarly treated with a silver 
chromate indicator paper used in the detec- 
tion of chlorides. This indicator gave a defi- 
nite positive reaction for chlorides in the de- 
composed areas. This demonstration of the 
presence of acidity and the presence of free 
chlorides is, of course, equivalent to the dem- 
onstration of the presence of hydrochloric 
acid. 

Since the condenser paper used in these 
studies was extremely low in chlorides (about 
.004 percent), it was obvious that the source 
of the chloride ion was the impregnating 
compound. It was known that such com- 
pounds decompose to give hydrochloric acid 
under the infiuenee of the electric arc or 
strong ultraviolet light. It now appeared 
that they would decompose under the condi- 
tions existing in a condenser. Strong evi- 
dence has been obtained at our laboratories 
that this decomposition is activated by the 
aluminum electrodes. The primary decom- 
position, however, is very limited in rate and 
amount, and probably of itself would not be 
perceptibly harmful. The condensers can be 
heated for very long periods without serious 
degradation so long as no voltage is applied; 
when voltage is applied, however, rapid de- 
preciation of electrical properties results. 
The process of this depreciation is pictured 
as follows : The minute quantities of hydro- 
chloric acid liberated by the action of the 
electrodes alone are electrolyzed, aluminum 
chloride being formed at the aluminum 
anode. Aluminum chloride is well known 
to be a powerful agent for the degradation 
of organic compounds. The most important 
action of aluminum chloride in the condenser 
is to further decompose the chlorinated im- 
pregnant, providing more hydrochloric acid, 
which provides more aluminum chloride, and 
so on until failure. Despite this undesirable 
action of aluminum, it is in most respects 
superior to other metals available in foil 
form at reasonable cost. 

Having formulated the above picture, it 
was time to return to the original question 
of what makes Kraft paper superior to linen 
in condensers of the type under discussion. 
Since the decomposition was a vigorous re- 


action of the self -accelerating type, it seemed 
likely that whatever Kraft paper was doing, 
it was doing during the early stages of the 
reaction, when small chemical variations 
might easily influence the whole course of 
events to follow. Hence, it was apparent 
that Elraft paper was able to absorb, neutral- 
ize, or otherwise inactivate, the small quan- 
tities of hydrochloric acid formed in the 
primary decomposition reaction. It was 
further apparent that linen paper was either 
incapable of this action or capable to only 
a limited degree. The experimental proof 
of this point was simple but convincing. It 
was found that if a certain amount of Kraft 
paper was immersed in any dilute acid, it 
would neutralize in the neighborhood of 0.06 
to 0.10 milliequivalents for each gram of 
paper, three to four times as much as an 
equal quantity of linen paper. This experi- 
ment has been performed on scores of sam- 
ples, and although both linen and Kraft 
papers vary in this property, the level for 
Kraft papers is far above that for the linen. 
It thus appeared reasonable to conclude that 
the papers, by serving as acid buffers, de- 
layed the onset of decomposition, the Kraft 
paper for a longer period because of its 
greater capacity. 

The acid neutralization by both types of 
paper was found to be explained by the fa- 
miliar base exchange concept, the hydrogen 
of the acid exchanging for chemically bound 
metallic cations constituting the ash of the 
paper. The exchange capacity was found to 
be directly proportional to the ash after a 
small allowance is made for the inert ash, 
principally silica. 

One might say that at this point the origi- 
nal object of the investigation had been 
achieved. Had the investigation stopped 
here, it would simply have explained an in- 
teresting phenomenon, but would have been 
of little practical value. As a matter of 
fact, the findings discussed above provided 
both the scientific foundation and the inspi- 
ration for further important developments. 
We were armed with new information con- 
cerning the deterioration under electric po- 
tentials of paper condensers containing 
chlorinated impregnants. Could not this in- 
formation guide us to new methods of pro- 
ducing better condensers! 
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The various extensions of the original re- 
search will not be discussed in detail. It can 
be stated, however, that this phase of the 
program was successful; it resulted in con- 
densers that will withstand accelerated test- 
ing conditions about 100 times as long as the 
early linen condensers. The new improved 
condensers are used by the Western Electric 
Company in equipment manufactured for 
the armed forces, on whose behalf these tech- 
niques and developments have also been 
made available to other manufacturers. 
Considering the severe service conditions to 
which military equipment is subject, it can 
be confidently stated that these developments 
have aided in the reliability of military com- 
munications. 

D. A. McLean 
Bell Telephone Laboratories 

INSECT REPELLENTS 

The public has been made so conscious of 
new insecticides, particularly DDT (p. 154), 
and of new methods of applying them, espe- 
cially by the aerosol bomb (p. 342), that 
many people must think it essential to kill 
insect pests in order to protect themselves 
and their belongings against attack. On the 
contrary, it is not always necessary to slay 
our six-legged competitors in order to over- 
come them, and sometimes it is even undesir- 
able to do so if their presence is not annoy- 
ing. For example, few people would be 
distressed by the sight of Japanese beetles 
i£ it were not for their depredations in turf 
and on certain trees, vines, garden plants, 
and crops. If they would confine their diet 
to mnartweed, they might enjoy the aesthetic 
status of Egyptian scarabs or the ^‘Gold 
Bug,** which they resemble. 

We really do not want to kill Japanese 
beetles ; we want to prevent them from eating 
the plants that we value. For a few years 
after the beetles were discovered near River- 
ton, New Jersey, in 1916, entomologists tried 
to exterminate them by whitewashing the 


countryside with lead arsenate. But the 
beetles increased in numbers and spread 
until it was obvious that they could not be 
wiped out by insecticides. Gradually the 
emphasis in chemical control shifted from 
killing beetles to protecting plants, and in 
recent years entomologists have been con- 
sciously searching for repellents — ^substanees 
that, when sprayed or dusted upon plants, 
will prevent the beetles from eating the fruit 
or foliage. Before the war several promising 
repellents were found and recommended. 
Last summer DDT was tested for the first 
time against the beetles. Fleming and 
Chisholm now call it ^‘the most effective of 
the protective materials tested against the 
Japanese beetle.** Its inconspicuous residue 
did not injure fruit or foliage of peaches, 
plums, or grapes, and it remained effective 
longer than the repellents previously recom- 
mended. It may seem ridiculous to express 
regret that DDT also killed many of the 
beetles, but if it were just a specific repellent 
on fruit trees and other crops that require 
pollination, it might not hold a threat for 
honeybees and other essential pollinating in- 
sects, which it is now known to kill. Conse- 
quently, DDT will have to be used with dis- 
cretion for the protection of certain crops. 

If anything is more important than the 
protection of food crops, it is the protection 
of troops against the attack of disease-trans- 
mitting insects, particularly malarial mos- 
quitoes. Recent research has made oil of 
citronella obsolete. Now we have relatively 
odorless materials which, when applied to 
the exposed skin, will stave off mosquitoes 
for a few hours. Intensive research is going 
forward to find still better repellents and to 
make present repellents retain their effective- 
ness over a longer period of time. When our 
soldiers are in battle in a malarial country, 
only a good repellent can protect them com- 
pletely against their most insidious and 
devastating enemies. 


P.L.C. 
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ORNAMENTAL-PLANT PESTS 

Diseases and Pests of Ornamental Plants. B. 0. 
Dodge and H. W. Eiekett. lUnstrated. vii + 638 pp. 
1943. $6.50. The Jaques Oattell Press. 

An overwhelming majority of those inter- 
ested in growing ornamental plants must be 
amateurs. They will no doubt prefer to find 
their information regarding disease and ani- 
mal pests of all sorts in a single volume. Dr. 
Westcott set the style, at least for the United 
States, with her Plant Doctor published in 
1937. 

The difiSculty, of course, is that only rarely 
is any one person qualified to discuss the con- 
trol of both insects and diseases. Felt and 
Eankin solved the problem in their Insects 
and Diseases of Ornamental Trees and 
Shrubs by “each being responsible for state- 
ments in his respective field. 

Since both the authors of Diseases and 
Pests of Ornamental Plants are botanists, it 
is to be hoped that the portions dealing with 
insects and their control were critically read 
by a competent entomologist. Of this the 
introduction gives no evidence, and this re- 
viewer is certainly not qualified to judge as 
to whether such scrutiny was needed. [It 
was, say entomologists. — Eds.] 

Any book which is sincerely written must 
reflect the enthusiasms of the author. This 
is no exception. Thus we find in Part 1 
“Diseases and Pests in GeneraP^ of a book 
avowedly “intended for the person with lit- 
tle or no training in botany or entomology 
such statements as, “In the asci of the Aseo- 
mycetes each nucleus forms a beak from 
which a system of rays extends; these rays 
mark the limits of the spore which contains 
the nucleus.’^ “The asci are formed at the 
curved tips, known as croziers, of special 
hyphae in the fruiting bodies, ascocarps.^^ 
“In this group the mycelium is often marked 
by what are called clamp connections. These 
resemble both in structure and function the 
croziers of the Ascomycetes”; these are mat- 
ters of importance to professional mycolo- 
gists, but it is hard to conceive of them as 
interesting to even a very enthusiastic gar- 
dener. The net result is that the chapter on 


insects and other animal pests is much easier 
reading than that on bacteria and fungi. 

On the very first page it is pointed out that 
many common diseases result from abnormal 
environment or from poor cultural practices. 
It is more than once emphasized that new 
preparations or new mixtures, or control 
measures to which one is unaccusfomed 
should be tested in advance on a few leaves 
or branches or on a siugle plant. This is 
sound advice too seldom given, and still more 
rarely followed. 

The portion of the book (about 500 pages) 
devoted to the diseases and pests of particu- 
lar hosts is of course for reference. Beading 
it would be tedious. For instance, spraying 
with Bordeaux mixture is recommended no 
less than two hundred times and the use of 
lead arsenate ninety-seven. Incidentally this 
gives some indication of the present impor- 
tance of these old standard materials. 
Among the some 600 hosts included, about 
75 are listed as being practically free from 
diseases and pests. This is useful informa- 
tion too often omitted from our works on 
plant diseases. No doubt some gardeners 
will be tempted to choose as many as possible 
of their ornamentals from this list. 

A final word may be said regarding the 
collaboration which has produced the book. 
The work of each author is clearly stated in 
the introduction: “The factual basis of the 
book is contributed almost entirely by the 
senior author, and is based largely upon his 
15 years of experience as Plant Pathologist 
at the New York Botanical Garden. . . . The 
Junior author is responsible for the organiza- 
tion of the work and for most of the actual 
writing. Here is a combination of a type 
which could with advantage be formed more 
often. It requires no very wide acquaintance 
among working botanists to enable one tq 
make up a list of men who through wide and 
varied experiences have acquired a mass of 
valuable information which has never been 
made available. Such collaboration as this 
might have preserved that information for 
the rest of us. 

Neil E. Stevens 
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CORNELL’S PINE-LAND ENDOWMENT 

The Wisconsin Fine Lands of Cornell University, 
Paid Wallace Gates, si + 265 pp. 1943. $3.50. Cor- 
nell University Press. 

The story of the conyersion of Wisconsin 
pine land into an endowment for Cornell 
University should interest students of Amer- 
ican land policies, of lumber-industry his- 
tory, and of the political and economic his- 
tory of Wisconsin. It begins with the Morrill 
Act of 1862. This Act gave each public-land 
state 30,000 acres of land for each of its sena- 
tors and representatives in Congress, and to 
each of the other states scrip that could be 
■Qsed — ^but not by the state itself — ^to acquire 
corresponding areas of land in the public- 
land states. The proceeds from sale of the 
land and scrip were to be used as endow- 
ments for agricultural colleges. 

The states sold their scrip at what now 
would seem fantastically low prices. Rhode 
Island got only forty-two cents an acre, and 
most of the other states less than a dollar. 
Wisconsin sold her 240,000-acre grant for 
$1.25 an acre. New York was the only state 
east of the Mississippi River to obtain a rea- 
sonably adequate endowment through the 
Morrill Act. This was due to the vision and 
sustained efforts of a few men — ^notably Ezra 
Cornell, who induced the legislature to char- 
ter Cornell University and who devised and 
carried out the plan for using scrip to ac- 
quire timberland; Henry C. Putnam, who 
was largely instrumental in selecting the 
lands in Wisconsin ; and Henry W. Sage and 
his associates, to whose financial support and 
good management was due the large profit — 
more than five million dollars — ^realized from 
the project. 

Alm ost half of this book and six of its ten 
chapters are concerned with Federal and 
state land policies, the founding of Cornell 
University, and the rise of the lumber indus- 
try and attempts of various interests to gain 
control of pine timber, mainly on the Chip- 
pewa River and in adjacent territory. The 
rest of the book is an account of Cornell's 
acquisition and disposal of pine lands and of 
its attendant trials and tribulations. 

Much space is given to the continual con- 
jfiicts of Cornell's agents with politicians, 
and taxing authorities. The hos- 
of Wisconsin peo|ie to large nonresi- 


dent landowners in general was intensified in 
the ease of Cornell, because it was the largest 
nongovernmental pine-timber owner in the 
state, and because ‘‘unlike other pine-land 
owners, Cornell was to do little to further 
the growth of the state. It simply waited 
for the expected scarcity of timber which 
would assure high prices for its lands." 

Cornell's investment was subject to the 
usual hazards of tiaiberland speculation, 
such as uncertainty of future timber values, 
dishonesty of local land agents and timber 
purchasers, forest fires, loss by windstorm 
(one storm in 1872 blew down 200 million 
feet of pine in Chippewa County alone), and 
timber stealing, which became “a major 
occupation in Wisconsin." Besides, it was 
the policy of local residents and taxing au- 
thorities to finance improvements and gov- 
ernment mainly by taxing lumber companies 
and nonresident landowners. As to whether 
this was attributable to selfishness, misman- 
agement, extravagance, and corruption, as 
Dr. Gates implies, opinions may differ. Cor- 
nell 's tax bill on 500,000 acres of land (in- 
cluding between 50,000 and 100,000 acres of 
agricultural land), much of which was held 
for 15 to 25 years and some for more than 
40 years, amounted to less than $650,000, or 
not quite one-tenth of the receipts for land 
and timber. 

The author admits that: “A subsequent 
generation was to regret the destructive 
cutting practices of the lumbermen who de- 
stroyed irreplaceable resources in a genera- 
tion, and it was to regret too the zealous 
work of the land companies which produced 
many submarginal farms and led to the set- 
tlement of areas which have since had to be 
abandoned. Cornell University had its share 
of responsibility for both misfortunes. . . . 
While benefiting to the amount of $5,000,000 
from its investment in Wisconsin pine lands, 
Cornell, like other lumbermen speculators, 
left the pinery counties nothing to compen- 
sate them for the wealth which had been 
taken away." 

The reader may feel disappointed that the 
book tells practically nothing about the ex- 
ploitation of the pine timber and the subse- 
quent use of the land. It would be interest- 
ing to know the sequel to the history of 
Cornell's land speculation : What is the pres- 
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ent condition of the lands and the forests? 
Who owns them? How many permanent 
residents and what industries do they sup- 
port? What became of the lumber com- 
panies that operated on them? 

It is also interesting to speculate on what 
might have happened if the University had 
held its pine a few years longer, or had estab- 
lished its school of forestry thirty years 
sooner than it did. The 400,000 to 450,000 
acres of pine, managed as a sustained-yield 
forest, might have returned a far larger in- 
come to the University and at the same time 
could have been of lasting benefit to the 
people and State of Wisconsin. 

W. N. Sparhawk 

PHYSICS TELLS WHY 

Physics Tells Why, Overton Lulir. lUustrated. 
is + 318 pp. 1943. $3.50. The Jaques Cattdl 

Press. 

An alert human mind persistently asks, 
^Hhe why of things. In selecting ^‘Physics 
Tells Why’’ as the title of this book, the 
author has emphasized the primary charac- 
teristic of physics, the most fundamental of 
all the sciences. The purpose of the book, 
as explained by its author, is to offer trust- 
worthy explanations and interpretations of 
everyday physical phenomena for those who 
find pleasure in understanding them. Eigor- 
ous proofs are omitted. Emphasis is placed 
on lucid and intimate descriptions without 
resource to mathematics or technical lan- 
guage. Physical concepts and observable 
phenomena are stressed. The familiar sub- 
divisions of classical physics — mechanics, 
energy, heat, electricity, sound, and optics — 
are discussed with unusual clarity and sim- 
plicity. In making selections from the field 
of modern physics, preference has been given 
to applied electronics. There are elementary 
discussions of such topics as photoelectric 
cells and their applications to burglar alarms, 
talking motion pictures, and television j 
thermionic tubes and their uses as generators 
and detectors of radio waves; X-rays and 
their applications in medicine, dentistry, and 
industry. Some suggestions are made with 
respect to probable developments in the field 
of physics. They are tentative and subject 
to revision on the basis of new discoveries. 
Novel and original illustrations by Miss Euth 


C. Schmidt stimulate interest and help to 
clarify explanations. 

Those who are interested in knowing 
whether they have mastered the funda- 
mental physical principles sufficiently well 
to apply them to specific problems will find 
a series of interesting questions and answers 
in the back of the book. An attempt to an- 
swer these questions will furnish a profitable 
exercise. This book should stimulate a wider 
interest in everyday physical phenomena; 
provide profitable reading for intelligent lay- 
men; and encourage students endowed with 
enough curiosity about physical phenomena 
to make physics a scientific career. It can 
be very appropriately recommended as sup- 
plementary reading for college and sec- 
ondary students taking a beginning course 
in general physics. This book, which will 
make the meaning and importance of physics 
in everyday life more widely appreciated, has 
been very correctly included in the Human- 
izing Science Series of The Jaques Cattell 
Press. 

Alphetjs W. Smith 

INTRODUCTION TO PSYCHIATRY 

Introduction to Psychiatry, W. Earl Biddle and 
Mildred vaa Sickel. lUastrated. xiii + 358 pp. 
$2.75. 1943. W. B. Saunders Co. 

This is, as the authors indicate, an “intro- 
duction to psychiatry.” It is an ideal book 
for the student nurses just beginning to 
study the subject. The first half of the book 
deals with special psychiatric problems such 
as destruction, suicide, personal hygiene, 
patient’s nutrition, etc., which the student 
will meet as soon as she enters the psychiatric 
ward. The basic terminology and symptoma- 
tology, used throughout the remainder of the 
book, are introduced here in simple, easily 
understood language. Forms of therapy sig- 
nificant to the care of the mentally ill are 
described and elaborated upon. 

The nursing procedures which are illus- 
trated, although limited in number, clearly 
portray the method used. The procedure 
for the pack is especially easy to follow. The 
importance of limiting hazardous articles to 
patients is stressed by the use of pictures 
showing the various weapons made by them 
from seemingly innocent materials. 

The second half of the book deals with the 
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psychoses, and the manner of approach to 
each is interesting. The authors give a brief, 
concise description of the disorder, including 
the symptomatology next, they present a 
typical case to illustrate; this they follow 
with a short discussion of treatment, prog- 
nosis, and prevention. 

The questions at the end of each chapter 
cover each entity quite thoroughly and indi- 
cate to the student where the emphasis should 
be placed. 

Although most of the definitions of techni- 
cal terms are to be found in the chapter on 
symptomatology, it is unfortunate that there 
is no glossary in the book. 

If the student grasps the major portion of 
the book she will have gained a good insight 
into psychiatric disorders and will have a 
more sympathetic appreciation of the care of 
the mentally ill. She likewise will have a 
better understanding of her own problems 
and of those of her associates. 

Dorothy Morris 


EDUCATION FOR AMERICAN 
DEMOCRACY 

Mducation for American Democracy, James L. 
MurseU. 528 pp. 1943. $3.75. W. W. Norton & 
Co. 


It is not surprising that there are vigorous 
and often conflicting arguments about edu- 
cation in America. That is an expected and 
a necessary feature of a democracy. Since 
the various aspects of education constitute 
the chief means of developing citizens, and 
since a democracy has committed itself to 
allowing a hearing for every intelligent voice, 
education has been and will continue to be 
argued about so long as the democracy tries 
to improve itself. Furthermore, educational 
philosophy, organizations, and procedure 
deal with such vast areas and resources, so 
many learners and so many teachers, that 
desirable changes come slowly even though 
leading thinkers may reach approximate 
agreement about possible improvements. 
The one thing which the majority of citizens 
of America wffl not relinquish is their belief 
in democratic precedes, and tihey insist on 
applymg th^ proc^es to their education 
the many a^rtive voices of 
confuse out- 
ie mofement fe ad- 
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vancing, that is good. If no advancement 
occurs, or if there is retreat, it may be asked 
if democratic education is succeeding. 

Professor MurseU attempts the needed 
task of setting down the origins and devel- 
opment of American public education. He 
shows why and how there must be some such 
plan as ours, lest there be no democracy. 
The colonial schools of Europe were tried 
here. Exclusive schools for those who could 
or would meet the obligations were tried. 
Training for professional life, at the outset 
was in no sense a part of a general program 
of education, A general program of educa- 
tion came into existence, negatively, as a 
protest against undemocratic tendencies, 
and, positively, as a procedure which is in- 
herent in the promises of the very essence 
of democracy. No one claims that we have 
fully discarded some of the elements of ex- 
clusive control. Conventional procedures 
and control of funds have been undemo- 
cratic. Indeed, it sometimes seems that con- 
trol by educational ^‘vested interests’’ oc- 
cludes our approaching realization of the 
democratic education that is to be. Funds 
for support are essential and too often those 
who provide the funds control their uses. 
And the struggle to secure funds too often 
occupies the so-called thinking of would-be 
educational leaders. Our democratic faith 
must often be called into service, lest occur- 
rences at times may unduly retard our 
progress. It is with most satisfying docu- 
mentation that the author of this comprehen- 
sive volume regularly places before the 
reader the development of our present edu- 
cational system. Conflicting ideas with their 
advocates are tied into the steadily develop- 
ing story, nowhere better told. 

Examples must be brief and but few of the 
many important topics may be used. The 
elective system in colleges is clearly stated 
within four pages including the claims of six 
representative persons who have given it 
much thought. The conclusion is that ‘‘the 
principle underlying the elective system is 
that of intellectual freedom for mature and 
serious persons who know what they want 
to do and who are therefore able to make 
judicidus ehoioes.’’ A narrow, prescribed, 
or classical program can be maintained only 
]^y a i^stem of prescribed examinations, and 
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such a system is the ‘^practical politics of 
the ‘great tradition’/’ 

The Committee of Ten (1893) came at a 
time of greatest transition in American 
thinking. Its extensive and detailed reports, 
now often severely criticized, tried to hold 
the ground gained while urging education to 
move forward. The enforced compromises 
allowed subject-matter specialists to control 
the report. Each one prescribed for his sub- 
ject a scope and content beyond possible use. 
They outlined curricula so extensive that no 
one pupil could possibly do all the require- 
ments. But pupil elections were allowed 
which permitted him to miss most of the 
courses, and for those the courses ceased to 
exist. It took secondary schools a very long 
time to face the problems of true reorganiza- 
tion of subjects. Not yet is it fully recog- 
nized that most secondary pupils do not 
possess the qualifications stated in the prin- 
ciples of election as observed in the preceding 
paragraph. Even so, it seems likely that no 
national report has had more effectively help- 
ful results than the “Eeport of the Com- 
mittee of Ten.” The author of this book 
presents an excellent statement of that 
report. 

The “humanization” movement in ele- 
mentary schools had its first practical chance 
in an educational experiment in the public 
schools at Quincy, Massachusetts, inaugu- 
rated by Charles Francis Adams and Colonel 
Francis Parker. They buttressed their ex- 
periments by definite proof that conventional 
procedures did not produce the results 
claimed for them. Added to great personal 
freedom for pupils there was introduced the 
plan of using and stimulating first-hand 
pupil experiences out of which to develop 
arithmetic, language, geography, drawing, 
modeling, and free talk by the pupils. Col- 
onel Parker’s goal was not only to improve 
scholastic efiSciency but also to produce a 
markedly different kind of school life. This 
reviewer once heard Colonel Parker when he 
was under severe verbal attack by an educa- 
tional “stand-patter.” The critic closed by 
vehemently asking “Colonel Parker, just 
why did you do it!” The appropriate reply 
to an audience which unfortunately regarded 
a good laugh as good argument was, “Ohl I 
felt so sorry for the little duffers.” Colonel 


Parker’s long life of advocacy of freedom 
and of experience as basis for school work 
was the foundation of much recent work 
whose advocates sometimes seem not to know 
this origin. The account then follows the 
whole series of stages in building the present 
educational policy, if “a policy” is a usable 
expression. The author would have educa- 
tion face the task of constructing “^a new 
social order,” but properly believes that this 
must come through steady development, not 
cataclysm, based upon what is, and guided 
by the best tendencies as now discernible. 

An extremely important, comprehensive, 
discriminating, and lengthy chapter deals 
with “The Human Problem of American 
Education.” The problems of youth, ages 
16 to 24, now insistent, with the return of 
peace “will most certainly be upon us again 
in aggravated form, for it is one of the peren- 
nial and inescapable problems of an indus- 
trial age.” The answer to this and other 
human problems must be sought through 
democratic way of life itself/^ The 
different solutions for different groups of 
problems will require more thorough and 
searching thought and experiment than have 
yet been used. These problems are then con- 
sidered as they pertain to nursery, kinder- 
garten, elementary schools, secondary 
schools, and higher education including 
adult education. Even more significant are 
the discussions of curricula, administration, 
and teacher training. 

This reviewer intends to convey the im- 
pression that Professor Mursell’s book is 
unusually factual, serious, substantial, and 
far-reaching. It is a treatise much needed 
by all who are or should be interested in 
education. 

Ons W. CAUDWEiiii 

DEVELOPMENT IN ADOLESCENCE 

Development in Adolescence. Harold E, Jones, 
vii + 166 pp. 1943. D. Appleton-Century. 

“John has been handicapped by unhappy 
relationships within his family; economic 
stress; ill health; visual defects; an inferior 
physique; delayed maturity; a certain ob- 
tuseness in social contacts; lack of athletic 
abilities; and lack of abilities to win goals 
which he most desired in connection with a 
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strong desire for popularity and social 
esteem/’ 

Througli Dr. Jones’ report, abstracted 
from voluminous data accumulated by tbe 
California Growth Study, we follow John’s 
development from the sixth grade to his first 
year as a college freshman. This cautious 
and well-written book may be described as a 
broad comprehensive case study embodying 
the entire gamut of psychological techniques 
from loosely subjective comments by teachers 
to such “objective” methods as photo-re- 
corded galvanic reactions to emotionally 
potent stimuli. 

The study opens with a sociological (and 
somewhat social-workerish) description of 
John’s home environment and neighborhood. 
A series of word pictures follows, taken 
through the more or less sharp lenses of 
teacher comments and ratings, Eeputation 
Test ratings by classmates, direct observation 
reports by trained observers, ratings of social 
effectiveness, physiological and anthropo- 
metric measurements, psychomotor tests, in- 
terest-attitude scales, and such projective 
techniques as the Murray Thematic Apper- 
ception test, voice record analysis, and the 
ubiquitous Eorsehach test. John’s evalua- 
tion of himself is determined by means of 
self-ratings. 

The composite result of these flashes re- 
veals a personality in the process of learning 
to function acceptably. The difficult experi- 
ence of growing into maturity is highlighted 
in a more persuasive fashion than is possible 
by means of the conventional group study. 

The methodology of the California Ado- 
lescent Study deserves high commendation. 
Individual tests and scales are always evalu- 
ated in terms of standard scores based upon 
the responses of the total age group from 
which the individual study was taken. None 
of the tests are over-interpreted and facile 
simplification of the many-facetedness of 
adolescent change is avoided. The inadvisa- 
bility of artificially segregating discrete 
traits and treating them as entities is stressed 
throughout the book. No single technique is 
givm pre-eminence over the others. As the 


author wisely remarks, “the course of wis- 
dom is to use more than one method in com- 
bination with other data from the life 
history, rather than to rely upon interpreta- 
tions based on a single approach.” 

Parents of adolescents and all those who 
work with children in this age range will be 
encouraged by the evident tendency of the 
maturing personality to achieve a measure 
of adaptation to the social environment de- 
spite the presence of unfavorable behavioral 
symptoms during the formative years. As 
the author remarks at the conclusion of his 
study, “So marked an upturn in John’s per- 
sonal fortunes is evidence not only of the 
toughness of the human organism but also 
of the slow, complex ways in which nature 
and culture may come into adaptation.” 
Teachers and counselors will also find in this 
book a sympathy-compelling picture of the 
stern requirements for successful member- 
ship in the adolescent social structure. 

Dr. Jones has resisted the temptation to 
indulge in an elaborate theoretical inter- 
pretation of the total personality structure 
of his subject, thereby paying more than lip- 
service to the complexity of the whole per- 
sonality. At times one wishes that certain 
parts of the book had been presented in 
greater detail. This is especially true of 
the section which deals with drives, where 
there is just enough to whet the appetite for 
more. 

One is impressed by the extent to which 
results obtained by diverse techniques tend 
to corroborate each other. This should give 
pause to those who decry peneil-and-paper 
tests and questionnaires in favor of pro- 
jective techniques solely. Dr. Jones is aware 
that there are many mansions in the house of 
personality and that many keys are required 
to unlock them. 

This book is recommended for its sound 
approach to the problem of adolescent de- 
velopment. It should prove valuable as sup- 
plementary reading in courses on adolescent 
psychology. A good index facilitates ready 
reference to specific topics. 


Fred Brown 
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Humility 

Direction of researeli slionld, to my way of think- 
ing, be essentially informal,* and I believe that the 
facts of its most outstanding successes will bear this 
out. Recently, I was especially reminded of this by 
the article in this journal for April, 1944 — ^^'ITsing 
Hydrogen to Save Coal^' — describing the develop- 
ment of the hydrogen-cooled electric generator. The 
copy of the original memorandum sent to Chester W. 
Rice by Dr. Willis R. Whitney, Director of the Re- 
search Laboratory of the General Electric Co., might 
well be read by any executive financially responsible 
for an industrial research institution. With the 
permission of The SotenUfio Monthly, I would like 
to quote its first few lines: 

“Dear Chester: 

Could I create an interest for you in a series 
of fool stunts which have, I think, the promise 
in them of some useful outcome. . . . ’ ’ 

Written in longhand and undated (save for a 
caption signed by Rice: “Received about Eeb. 21, 
1921’’) this memorandum in its opening words ex- 
emplifies the delightfully informal spirit of true 
research — ^no hint of compulsion, of pontifical author- 
ity, of superior wisdom — ^just an interesting techni- 
cal idea breathing true humility, from one friend to 
another. But what important industrial develop- 
ments flowed from it! To quote again from the 
author of this article, Philip L. Alger: ^‘. . . the 
end result of Dr. Whitney’s note is that hydrogen 
cooling has become standard for nearly all large 
steam turbine driven generators in the United 
States.” — George V. Caesar. 

Heaviside 

The following note may be of interest in connec- 
tion with Perrine ’s paper in the January issue. 

When the A.I.E.E. tendered a dinner to Marconi 
on the occasion of the first transatlantic radio mes- 
sage, Marconi recited a passage from one of Oliver 
Heaviside’s papers that put him (Marconi) on the 
right track. As I recall the passage it ran some- 
thmg like the following: “Any method of trans- 
mitting messages without the use of guides must 
fulfill the conditions of a telegraph circuit.” So 
simple as that! 

Again when Pupin was tendered a dinner on the 
occasion of the first successful transcontinental tele- 
phone message, he read aloud from a paper by Oliver 
Heaviside that put him (Pupin) on the track of the 
solution of the long distance telephone problem. 

I attended both dinners and made notes. Some- 
how or other Heaviside has never been given fuE 


credit for his remarkable work and his brilliant 
mathematical solutions of many electrical communi- 
cation problems long before practical applications 
came into use. — ^Bassett J ones. 

C. P. 

Commenting on “War Effort,” second item, p. 
331, I regret the introduction of crudeness and vul- 
garity into anything that goes into so highly re- 
putable and in all so worthily dignified a journal as 
The Sdentifio Monthly, I refer to “by golly” and 
“darn.” They are plain indecencies in print and 
do not have to be used. The author just had to 
show his smartalicky way of tiding over his embar- 
rassment, having been criticized. He was smart: 
he chose to draw attention to his language rather 
than to himself. Please keep even your letter de- 
partment clean, — ^P. M. Glasoe. 

Philomithy 

The merit (if any) in publishing such an inept 
ease of social reasoning (?) as the so-eaUed “par- 
able” of Alexander Skuteh in the Aprfl Monthly, 
lies in the opportunity afforded to use the page of 
criticisms to refute this all too prevalent pacifism in 
social philosophy. (But of course these notions 
should be constructively refuted by offering, at much 
greater length, a scientific alternative in the attempt 
to establish peace on earth and good will among 
men.) 

The Kingdom of Heaven may be like unto a mus- 
tard seed, but that does not make man a flycatcher. 
Nor is man striped until caught and punished for 
stealing the other fellow ’s possessions ! The alleged 
analogy drawn by our naturalist friend seems a 
decidedly forced attempt at rationalization of a 
Pharisaic philosophy of pacifism, and is correspond- 
mgly mischievous, not to say iniquitous. The author 
may know his flycatchers, but he does not know his 
men or even his New Testament wherein the parables 
are typically drawn from human rather than from 
animal conduct. 

Even the facts cited relative to the allegedly paei- 
fistic species of flycatchers are ignored in the quite 
unwarranted analogy drawn with human affairs ; for 
within their own species the unstriped flycatchers 
exhibit no such eleemosynary ^'philornithy” as the 
author, with globalonial zeal, advocates among men. 
On the contrary they cannot ^'go in search of an- 
other area” when parasitized by the striped species 
because “in all liklihood they would find it already 
in possession of another pair of their kind, who 
would resent (sic!) their mtrusion.” How un- 
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ehristian(f) — or at least, how sad for the ^'Utopian 
good-fellowship^' of the author's tropical paradise! 

Having been educated as a student of parasitism 
I have never before encountered such a quixotic no- 
tion as that which says that ‘^the prosperity of the 
highly gifted"(f) host ^^is linked with the welfare 
of the deficient" parasite. The gift seems to me 
to be on the side of the parasite which has found a 
way of deception to enslave its victim by decoying 
it from its nest to where it cannot see how it has 
been despoiled of its eggs and is left to suppose 
that the nest has been pillaged by a snake or weasel 
and so has become untenable. 

Though not too well established as yet, it is a 
developing virtue among men that though some may 
still be fooled all the time, and all may be fooled 
some of the time, science is supposed to come to the 
rescue and prevent us from fooling each other all 
the time. ‘‘Ye shall know the truth, and the truth 
shall make you free I ' ' Eternal vigilance is the 
price of liberty! — ^Alden A. Potter. 

I envy you “A Parable for Peacemakers" by 
Alexander P. Skutch in the April issue of The 
Sdentifio Monthly , — ^Richard W. Westwood, Editor. 


Heads, Tails, and Chance 

According to “the laws of chance" a coin when 
tossed many times will fall as often heads as it does 
tails, approximately. Under ideal conditions, ac- 
cording to these “laws," the ratio will be exactly 
1 to 2. To “ prove" this, mathematicians and others 
have sometimes devoted themselves with high scien- 
tific seriousness to the business of tossing coins for 
thousands and thousands of times, an example being 
Stanley Jevons's run of some 20,480 throws, men- 
tioned in his Principles of Sdenoe, If Jevons took 
two seconds per throw, which would mean rather fast 
work, then he was at it for the equivalent of some 
fourteen eight-hour daysj which today fills a person 
with wonder, 

I believe there is no recorded instance of an 
equality of heads and tails, no matter how many 
throws were made. The experimental results seem 
to be whoHy inconclusive, and we might say irrele- 
vant^ so fax as “the laws of chance" are concerned, 
for we find it strictly maintained that “in the long 
run" — a run of 20,480 not beiag long, evidently — 
the anticipated equality will be realized. Professors 
Qokm axi4 Kagel in their admirable Introduction to 
Ijogic md $ckmUfic Mei^iod say that “from our 
of me^anlcs^' we may “infer that the 
. a penny faR head are bound to bal- 

; make it Ml tail" (p. 167). It is 

thqy do Ml us how we know 
m no thm^ is a b«^lng 






Since the equal division does not occur in experi- 
ence, we may presume the meaning of “the laws of 
chance" to be that it will occur under ideal condi- 
tions. What are the ideal conditions contemplated f 
Let us say they are an ideal tosser, an ideal medium, 
an ideal receptacle, in addition to an ideal coin (one 
homogeneous and symmetrical) . This will aUow 
ideal tossing and ideal falling, which seems to mean 
constancy in both. But under these conditions we 
should indeed never see the equal division; aU that 
we could expect would be that the side which showed 
after the first fall would show after every subsequent 
fall. 

This may seem scandalous, yet the only alternative 
under the terms given is self-contradiction. For we 
should have to suppose that the effect E of condi- 
tions C was now not E; which is intolerable. 

It might be objected that this presumes the tosser 
to hold the same side in the same position at every 
toss, hence that he only needs to change sides. But 
in that case the result would be a function of such 
change, and not one determined according to “laws 
of chance." 

A further objection might be that the ideal con- 
ditions do not include but, if anything, exclude iden- 
tity throughout — identity of position in each toss, 
of propulsion, trajectory, etc. But if they do not 
include these, they admit caprice, or the like; which 
means they are scarcely ideal. 

Or one might argue that ideal conditions mean only 
that all bias is excluded and the phenomena are left 
free. But to suppose that the result will then be 
equality of heads and tails is nothing other than sub- 
stituting naive presumption, or “equal distribution 
of ignorance" (Boole), for a rational solution. It 
is equivalent to supposing that a given event will 
always happen though a positive cause of it be not 
afilrmed. 

The assurance with which mathematicians and 
statisticians hold that heads must equal tails is 
hardly to be taken as so crude a presumption as this, 
we may suppose. It seems to have a demonstrative 
ground. What then might its premise be? The 
proposition in question, let us notice, is: A homo- 
geneous, symmetrical coin freely tossed a large num- 
ber of times under constant conditions will fall 
equally heads and tails. This clearly requires the 
premise (if it is a deduction as supposed) that all 
homogeneous, symmetrical bodies fall this way. Now 
we hardly know this latter from observation, since 
we do not observe, or know that we observe, aU homo- 
geneous, symmetrical bodies. So we must have it 
a priori. Not much analysis would be needed to 
^ow that it arises from logical principles, or at 
least that it is consistent with them; namely, the 
principles of ©(mtradiction and identity. 

But logical principles say nothing of the physical 
werld. They cannot teH us that nature will always 
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obey them, nor that nature will at random always 
lay out the conditions necessary to produce an equa- 
tion of heads and tails. Still less can experience tell 
us anything so wonderful. We have no positive 
ground for supposing it, and the absence of such 
ground, or simply ignorance, is certainly no warrant 
for its assertion. 

The supposition concealed in the paradoxical term 
^^laws of chance,’^ that a total absence of determi- 
nation guarantees a balance of events, or some fixed 
ratio amongst them, is both question-begging and 
self-contradictory: the first self-evidently, and the 
second because absence of determination is certainly 
not determination. — ^Peter A. Carmichael. ' 

Peccavimus 

Unless the editors wish The Scientific Monthly 
to become a journal of controversy respecting the 
ethics and intelligence of scientists, it would seem 
that they ought to examine manuscripts submitted 
to them with sufficient care to prevent the publica- 
tion of plain distortions of the facts. The reference 
is to a recent article by George A. Lundberg 'Sci- 
entists in Wartime,’’ The Scientific Monthly, 58; 
pp. 85-95). "My point is,” the author says, "that 
the prestige of scientists is not increased by their 
tendency alternately to ride the bandwagon and then, 
after the parade is over, to appear conspicuously in 
the ranks of the debunkers.” He refers to "the 
unbelievable gullibility of many scientists,” and 
others, although one might suppose that what is "un- 
believable” need not be a matter of concern to any- 
one. Having little interest in the "debunkers,” I 
need not consider that critical generalization. He 
mentions several people by name and happens to give 
a good deal of space to my article ("What Are the 
Fittest,” The Scientific Monthly, 55: pp. 487-4945 
56: pp. 62-70) published a little more than a year 
ago. From this he quotes at some length with a 
number of significant gaps. I should not object to 
his exposure of errors in my article had he found 
such as are undoubtedly there. It is in order, how- 
ever, to protest at the gratuitous addition of errors 
by the use of comments that, while ostensibly de- 
scriptive or interpretive, are actually something else. 
One wishes to avoid the term misrepresentation but 
no other word seems applicable. 

No defense is now ojffered for any position taken 
in my article, because no position taken therein has 
been attacked. It is only in order that errors may 
not go by default that attention is directed to the 
explicit misstatements. The intent to misrepresent 
is not charged or assumed. The critic in question 
could have been moved by some emotional reaction 
leading him to envision nonexistent hidden mean- 
ings. A few illustrations of what seem clearly to 
be irresponsible distortions will suffice. 

The writer in question charges me with scoM'^ff 


("scoffs” is his word) at the idea that, to have 
world organization, we must first educate the people. 
It seems fair to say that this is simply untrue. The 
word "scoff” has a definite meaning recorded in the 
dictionaries. To say, as I did, that war will be 
educative as to the undesirability of international 
warfare is the reverse of derision of the significance 
of education. To point out that great reforms some- 
times precede rather than follow general popular de- 
mand and meet with virtually universal approval is 
not jeering. I happen to think that the ideal in 
democratic administration is to anticipate sometimes 
rather than to follow always compelling popular 
demand. A professional political scientist is en- 
titled to regard that view as unsound and based on 
inadequate information j to call it scoffing is merely 
to evade argument and attempt to discredit by vo- 
cabulary : is that fitting behavior for a ' ' scientist in 
wartime?” 

After a series of broken quotations from my 
article he makes the most irrelevant and misleading 
comment that "most social scientists would content 
themselves with pointing out that the impHeit as- 
sumption in the above reasoning is that Germans and 
Japanese are carriers of war just as mosquitoes carry 
the germ of yeUow fever.” Then he blandly dis- 
misses his assumption, obviously not mine, with the 
words: "In view of the more elementary facts of 
history, no informed person will want to continue 
the discussion beyond this point. ’ ’ I have too much 
respect for social scientists to believe that they would 
carry the discussion even to this point. Anyone who 
reads the original article dispassionately must see 
that the argument was simply this: some say wars 
are inevitable because we have always had them; it 
was once thought that plague and yellow fever were 
inevitable because we had always had them; it has 
been found possible to control yellow fever and bu- 
bonic plague; and it may well be possible to control 
the allegedly inevitable addiction to warfare. If 
one chooses to suspect that such elementary reason- 
ing, intelligible to third grade pupils in school, must 
have some subtle implication, one is, of course, en- 
titled to nurse one’s own suspicious; but to strain 
that simple analogy so far as to relate Germans and 
Japanese to the "carriers of disease” is not sensible. 
Professor Lundberg must take the responsibility for 
that assumption from the words he quotes. 

When he ascribes to me the doctrine of "the 
extermination of aU who oppose the would-be 
exterminator’s ideas as to the proper solution,” he 
merely soars beyond the loftiest realm of fanciful 
imagination. It is almost absurd to reply to a mis- 
representation that would be libelous if it were not 
so fantastic. Like almost all Americans, I dislike 
war; nevertheless, with all but a few thousands of 
our compatriots, I believe that when attacked we 
must fight back, and fight back with fullest possible 
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power. I said: ‘^we are now conf routed with war 
and the makers of war, and the only proper action, 
whether one likes it or not, is to go just as far in 
annihilation, or in imposition of ^ durance vile, ’ as is 
necessary to create a greater impotence for warfare 
and a greater distaste for war than some nations 
have thus far had.’^ a& far ... as is %eces- 

sary*^ are intelligible English words. One may not 
like the expressions or the basic idea, but to eaU 
this a “ doctrine of ''the extermination of all 
who oppose the would-be exterminator’s ideas as to 
the proper solution, ’ ’ is unjustifiable if not irrespon- 
sible abuse of the English language. Although 
regarding war as the poorest possible means of set- 
tling disputes, I, with millions of others, give ap- 
proval to what the United States, Britain, Bussia, 
and China are now doing on many fronts. If such 
a position is "amusing” (his word) to Professor 
Lundberg, the question arises as to whether his sense 
of humor is somewhat out of the ordinary or whether 
he does not understand what was written. If he 
disapproves what is in active progress on many 
fronts, his recourse is not to me but to the leaders 
of war activities. 

Other examples of misrepresentation could be in- 
cluded but these are sufficient. It is possible that 
Profps;' J^*>.3jSadberg ’s apparent emotional reaction 
is derived ffpm, my _pe rh^s over-bold prediction 
(written and spoten pubhely in April, 1042, long 
before Casablanca and "unconditional surrender”) 
that peace will not be based upon compact with the 
vanquished; he quotes only in part. He asks him- 
self the rhetorical question: "... do I then advo- 
cate appeasement and compromise in the present 


war?” And he concludes that "appeasement and 
compromise will occur because there is, practically 
speaking, no alternative.” No one would question 
his right to a belief in appeasement and compromise, 
whether he used these words in the sense in which 
they are ordinarily understood or only in a highly 
academic sense; nor need one doubt his right to 
devote several paragraphs to the attempted educa- 
tion of scientists and journalists as to the rules of 
the scientific game. We may all endorse his dictum 
that "the scientist, like any other citizen, should do 
his utmost to change the rules if he feels like it, but, 
while doing so, he must conform in general to the 
accepted rules or he will find his chance to do really 
effective work of any kind seriously curtailed. ’ ’ On 
the other hand, it is not out of place to suggest that 
Professor Lundberg himself, in writing regarding 
scientists, should follow the accepted rules about 
correct reporting. — B. E. Coker. 

Touch6 

Dr. Byrne J. Horton’s criteria for professions 
(The Scie7itific Monthly j February, 1944, page 164) 
which you state resulted from contemplation of the 
characteristics of the professions of law, medicine, 
theology and advanced teaching, certainly apply 
aptly to engineering (not mentioned) and to medi- 
cine, and more completely to these two than to the 
others named. In fact, it appears to the writer 
that, taking into account the terms "well-established 
and socially accepted scientific principles ’ ’ and ' ' sci- 
entific technique” used by Dr. Horton in Criteria 1 
and 5, all would be excluded except engineering and 
medicine. — C. K. Harvey. 
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